











UNIVERSITÀ DEGLI STUDI DI SASSARI 
DIPARTIMENTO DI CHIMICA 




Chiral ferrocenyl ligands with 
pyridine nitrogen donors 
 
 







Prof. Serafino Gladiali          




XXII Ciclo, 2007-2010 
Agnieszka Mroczek, “Chiral ferrocenyl ligands with pyridine nitrogen donors”,      







The present study was carried out in the Department of Chemistry at the 
University of Sassari under INDAC-CHEM project, during the years 2007 – 2010. 
 
I am most grateful to my supervisor Professor Serafino Gladiali for his guidance, 
support and advice throughout the research. Especially, I am indepted for his 
encouragement and help during the last, tense times preparing the thesis. 
 
Likewise I wish to express my gratitude to INDAC-CHEM coordinator, Professor 
Simon Woodward for his advice, availability and management of the project.  
 
The INDAC-CHEM project was financed by Marie Curie fellowship of European 
Union Commission, which is gratefully acknowledged.  
 
Sincere thanks go to my friends and colleagues in the Laboratory of Organic 
Chemistry for the warm and supporting atmosphere. I would like to thank Rossana 
Taras for being the first person who taught me how to work in the laboratory. Many 
thanks go to Satyajit Karandikar, Luca Deiana and Daniela Cozzula for giving me such 
a pleasant time working together and for creating such a friendship at the office and 
many places in between.  
 
I wish also thank the always helpful staff in the whole Department of Chemistry 
and Dr Elisabetta Alberico from CNR - Instituto di Chimica Biomolecolare di Sassari – 
to have NMR analysis at CNR facilities, at times.. 
 
Most importantly I wish to thank my family for their support during my studies. 

















Agnieszka Mroczek, “Chiral ferrocenyl ligands with pyridine nitrogen donors”,      




Table of contents 
 
 
1. Introduction………………………………………………………………….. 3 
1.1 The ferrocene structure......................................................................................     4 
1.2 Pyridine ligands based on the ferrocene scaffold…………………………… 10 
1.3 Ferrocenyl pincer ligands (NCN)......................................................................      27 
1.4 Ferrocenyl phosphine ligands............................................................................       37 
1.5 Aims of the work...............................................................................................         43 
2. Results and discussion.....................................................................................     48 
2.1 The synthesis of L1, L2, L3 and L4...................................................................        63 
2.2 Friedlander condensation of α-dicarbonyl compounds.....................................       68 
2.3 The synthesis of ferrocenyl pincer ligands L7, L8, L9 and L10........................       75 
2.3.1 The synthesis of L7............................................................................................       76 
2.3.2 The synthesis of L8............................................................................................       79 
2.3.3 The synthesis of L9............................................................................................       82 
2.3.4       The synthesis of L10..........................................................................................       85 
2.4 The synthesis of P,N-ferrocenyl heterodonor ligand L11………………..........      87 
2.5 The synthesis of bisferrocenyl phosphine ligands L12 and L13………….......      91 
2.6 Attempted preparation of metal complexes with Fc-pyridine ligands………...     99 
2.6.1     The synthesis of RuCl2(dppb)(L7) complex 185 for  
 transfer hydrogenation…………………………………………………..........       
 
99 
2.6.2     The synthesis of transition metal complexes with  
tridentate ligands………………………………………………………………        
 
100 
2.7 Allylic alkylation………………………………………………………..…….. 103 
3. Conclusions…………………………………………………………………...         109 










The synthesis of (S)-α-Aminoferrocenecarboxaldehyde, D10………………...   
The synthesis of L1, L2, L3 and L4…………………………………………... 
The synthesis of quinolines 167, 168, 169, 170 and L5a……...………………         
The synthesis of L7, L8, L9 and L10................................................................. 
The attempted synthesis of L11………………..……………………………... 
The attempted synthesis of L12 and L13……………………………………... 
The attempted synthesis of of metal complexes  



















Agnieszka Mroczek, “Chiral ferrocenyl ligands with pyridine nitrogen donors”,      


















Agnieszka Mroczek, “Chiral ferrocenyl ligands with pyridine nitrogen donors”,      
PhD thesis in Scienze e Tecnologie Chimiche, Università degli studi di Sassari                                       3 
1. Introduction 
 
Catalytic methods for the synthesis of enantiomerically pure compounds are very 
important for the preparation of biologically active substances such as pharmaceuticals, 
fragrances or crop protecting agents. Most catalysts for asymmetric catalysis that have 
been synthesised so far are metal complexes with chiral organic ligands. The role of 
chiral ligand is to modify the reactivity and selectivity of the metal center in such 
manner that one of two possible enantiomeric products is formed with high preference 
over the other. Following this concept, many metal complexes have been synthesised, 
which catalyze various reactions with high enantioselectivity. Despite a big progress in 
this field during the last decade, the design of suitable chiral ligands for a particular 
application is still an important task.  
In the last three decades ferrocene derivatives containing one or more 
heteroatoms have gained an important position in organic synthesis, since they are 
suitable ligands capable of coordinating transition metal ions to provide complexes with 
potential applications as catalysts for different synthetic reactions. Because of their 
availability, steric and electronic properties, unique stereochemical aspects and wide 
variety of coordination modes, these ligands have been successfully employed in a wide 
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1.1  The ferrocene structure 
 
The ferrocene 1 is a metallocene, a kind of organometallic compound, which 
consists of two cyclopentadienyl rings bound on opposite sides of a central metal atom 
(figure 1). Soon after its discovery in 1951 [2], it was found, that ferrocene behaves in 
many respects like an aromatic electron-rich organic compound, which is activated 
towards electrophilic reactions almost like phenol. As a consequence, a rich chemistry of 
ferrocene was developed, which covers many areas such as: material science, 
electrochemistry, asymmetric catalysis, etc [3]. The most common substitution patterns 
in ferrocene are: 1-substituted (one substituent on one ring), 1,1'-disubstituted (one 
substituent on each ring), and 1,2-disubstituted (two substituents next to each other on 








                                                                        1 
 
The unique “sandwich” structure of ferrocene allows to generate a vast number 
of chiral compounds featuring a stereogenic plane as the sole chiral element. The basic 
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(1) Adequate rigidity of the ‘’sandwich’’ structure providing an appropriate chiral 
environment (as for chiral ligand the backbone should not be too flexible) 
(2) Planar chirality, which is easily achieved by introducing two non equivalent 
substituents onto the same Cp ring  
(3) Easy derivatization of ferrocene skeleton. The cyclopentadienyl ring is partially 
negatively charged resulting in activation of ferrocene towards electrophilic 
substitution reactions, what enables introduction of various donor groups onto 
the ferrocene rings 
(4) Bulky shield of ferrocene framework gives the proper steric environment 
important for stereo- and enantioselectivity 
(5) Stability of ferrocene scaffold to temperature and moisture 
 
Among chiral ferrocenes the family of 1,2-disubstituted derivatives is by far the 
most numerous, which usually show both central and planar chirality. Since the first 
report on optically active compound 3 by Thomson in 1959 [4], a large variety of 
chiral derivatives with different donors were synthesized mainly for the use in 
asymmetric synthesis [5]. Enantiopure 3, synthesized from γ-ferrocenylbutyric acid 2 
[6] (scheme 1) was obtained by resolution with (-)-menthylhydrazine.  
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The most useful and general method for the preparation of chiral 1,2-disubstituted 
ferrocene derivatives was presented by Ugi in 1970 causing the breakthrough in the 
synthesis of chiral ferrocenyl derivatives [7]. He discovered that ortho-lithiation of the 
optically pure ferrocenyl amine 4 – obtained by resolution of the racemate - by n-BuLi, 
followed by electrophilic quenching, gave the product 5 with 94 % diastereoselectivity 






On the basis of this pioneering work of Ugi, the diastereoselective orthometalation 
reaction is now considered as the most convenient route for preparation of 1,2-
disubstituted ferrocenes. The most important example of ligands, synthesized by this 
method is the Josiphos ligand family 7. The two phosphine groups were introduced in 
two steps, starting from 4 via a PPFA intermediate 6 (scheme 3) [8]. This synthesis 
allowed the preparation of the variety of Josiphos derivatives with widely differing steric 
and electronic properties. Catalytic application of Josiphos group is vast and has been 
reviewed up to 2008 [9]. For this reason, only a summary of the most important 
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                                                             Table 1               
R R’ Applications 
Ph Cy Process for jasmonate; hydrogenation of 
enamides, itaconates; hydroboration; allylic 
alkylations; Michael additions; PMHS reduction 
of C=C; addition to meso-anhydrides; 
hydrogenation of α,β-unsaturated acids; Heck 
reactions; opening of cyclic anhydrides 
Ph tBu Opening of oxabicycles; biotin and MK-0431 
process; hydrogenation of N-sulfonylated-α-
dehydroamino-acids; additions of acetyacetone 
to dienes 
Cy Cy Hydrogenation of phoshinylimines 
Cy Ph Michael additions 
Ph 3,5-Xyl Metolachlor process; methoxycarboxylation; 
hydrogenation of N-aryl imine of 
methoxyacetone; 
Cy tBu Hydrophosphination; cross coupling 
4-CF3-Ph tBu Hydrogenation of β-imino acid derivatives 
4-MeO-Xyl tBu Dextromethorphane process 
 
 
This diastereoselective orthometalation was later employed by Sammakia [10], Richards 
[11], Kagan [12], Ganter [13], and many others in several other systems [14]. The 
general mechanism is depicted in the scheme 4, where Z is an ortho-directing group, 
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Thus, ferrocenyl complexes bearing temporary chiral functionalities: such as acetals 8, 
sulfoxides 9 (Kagan methodology), oxazolines 10 (Richards, Sammakia methodology) 
or amines 11 (Ganter methodology) have been reported to give high disatreoselectivities 




The acetal method gave an access to enantiopure ortho-substituted ferrocenyl 
carboxyaldehydes after simple hydrolysis step. The amine moiety was removed by 
Introduction_____________________________________________________________ 
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heating in acetic anhydride to give ferrocenyl acetate, which could undergo other 
transformations. The sulfoxide method allowed the construction of: alcohols, aldehydes, 
esters phosphines, etc., by substitution reaction of alkyllithiums with formation of 
racemic sulfoxide. In the case of oxazolines, removal of the chiral auxiliary group 
involved a multireaction sequence. However, most frequently the oxazoline pendant is 
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1.2 Pyridine ligands based on the ferrocene scaffold 
  
As part of an ongoing interest in transition metal complexes with electronically 
communicating metal centers linked by conjugated bridges, ferrocene-substituted 
pyridines are of interest for the long-range metal–metal interactions in these dinuclear 
complexes. While an extensive work has been performed on the ferrocenyl phosphine 
ligands, the chemistry and applications of ferrocenyl ligands with pyridine nitrogen 
donors has not been well developed and has quite few precedents [1a].  
Ferrocenylpyridines (Fcpy) belong to the group of ligands possessing 
independent redox activity. They have a nitrogen atom which is in conjugation with the 
cyclopentadienyl ring of the ferrocenyl moiety. Since the first synthesis of ferrocenyl 
ligand with pyridine nitrogen donor a few derivatives of this class were prepared. 
However, their coordination properties have not been intensively described. The first 
ferrocenylpyridine (2Fcpy) 12, along with traces of 1,1’-dipyridylferrocene 13 as a 
minor product were synthesized 40 years ago in the reaction of lithioferrocene with 
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Many attempts have been made to coordinate 12 to Group 6 metal-carbonyl 
complexes (Cr, Mo, W) by either direct photolytic or thermal ligand substitution of a 
labile complex. These complexes M(CO)5(2-Fcpy) 14 were found to be instable because 





Miller et al. [18] reported the synthesis of 4-ferrocenylpyridine 17 and studied 
the electrochemical properties of its complex with rhenium. The key step in the synthetic 
route used in the preparation of 17 involved a nickel–phosphine catalysed cross-coupling 
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This type of cross-coupling reaction has been reported to be particularly effective 
under relatively mild conditions, and proceeds in good yield.  
The rhenium complex (18) of 17 was synthesized by simple substitution reaction 






A series of ferrocenyl nitrogen donor ligands including ferrocenylpyridines 17, 
19, 20 and 1,1’-bis(2-pyridyl)ferrocene 22 were synthesized by Rajput et al. [19]. 
Monosubstituted ferrocenyl pyridine ligands were prepared according to the method 
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The disubstituted ferrocene 22 was synthesized before by Rausch et al. [20], but 
its coordination behaviour has not been extensively investigated.  22 was prepared by a 
palladium catalysed cross-coupling reaction between a bis(chlorozinc)ferrocene 21 and a 
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 The dilithioferrocene–TMEDA complex was prepared in n-hexane and this 
resulted in a higher conversion of the desired dilithioferrocene than in the commonly 
used diethyl ether [18]. 
 The coordination studies of 17, 19, 20 and 22 were carried out with platinum, 
palladium, rhodium and iridium. The prepared complexes were screened for activity 
against two human cancer cell lines and have shown promise in their growth inhibition. 
Edinc et al. [21] reported the synthesis and characterization of 6-ferrocenyl-2,2’-






23 was prepared in reaction between bipyridine and lithiated ferrocene (scheme 
9) and then by thermal substitution reaction with W(CO)5(η2-btmse) in dichloromethane 
solution at room temperature yielded 24. 
2,2’-Bipyridine consists of two planar pyridyl rings connected with covalent C–C 
bond and coordinates to metal with both nitrogens yielding the stable chelate complexes 
with metal ions. Therefore, ferrocenyl ligands substituted with bipyridine gained a lot of 
interest in order to form stable chelate complexes with Group 6 metal carbonyls. The 
lone pair of nitrogen can form σ-bond with the central atom, while the aromatic system 
Introduction_____________________________________________________________ 
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can take part in back-bonding. pi-Electron density is delocalized over the chelate ring via 




2-ferrocenylquinoline 25, ferrocenyl-o-phenanthroline 26 and 





 For their synthesis was employed the direct reaction of lithioferrocenes with an 
appropriate heteroaromatic compound as reported by Edinc [21]. In this way were 
Introduction_____________________________________________________________ 
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synthesized: 25 (20% yield), 26 (20-35 % yield), 27 (20-25% yield), 28 (16-22% yield) 
and 29 (23-30% yield). 
In the same paper they described the synthesis and properties of ruthenium 
dichloride complex 31. 31 was obtained by the direct reaction of dichloro-bis-2,2'-
dipyridylruthenium (II) 30 with 23 in refluxing ethanol (scheme 10). This complex was 






The synthesis of the 2-ferrocenyl-1,10-phenanthroline 26 was improved by 
Gladiali et al. [24]. The preparation of 26 has been readily accomplished through the 
Introduction_____________________________________________________________ 
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Friedlander condensation of ferrocenyl methyl ketone 32 with 8-amino-7-quinoline 






The reaction was performed in ethanolic KOH and was completed in 6 h under 
reflux. This methodology, modeled on a procedure established for the preparation of 
alkylsubstituted phenanthrolines [25], afforded the desired ligand in 65% isolated yield 
and was better yielding than the preparation of 26 reported by Butler and Roustan [23]. 
The same group reported the synthesis and characterization of different 
palladium complexes containing the 26 moiety, as a ligand, which can bind the metal 
either in N-N bidentate 35 or in N-N-C tridentate 36 fashion. Both neutral and cationic 
complexes were synthesised by a two-step procedure involving the intermediate 
isolation of the N-N chelate adducts 34, followed by reaction with a suitable base 
(scheme 12).  
Alternatively, the same compounds were obtained in a single-pot reaction when 
using Pd derivatives with poorly coordinative anions as precursors. The enantiomers of 
the cationic cyclopalladated fragment were resolved by using the axially chiral 
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Complex 35 was tested in Heck reaction of iodobenzene 37 with methyl acrylate 38, 
affording methyl transcinnamate 39 with a 98% conversion (scheme 13).  
 
. Scheme 13 
 
  
Examples of functionalisation of ferrocene with terpyridines: ferrocenyl-2,2’ : 
6’,2”-terpyridine 40, 3’-ferrocenyl-2,2’ : 6’,2”-terpyridine 41 and 4’-
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Figure 7 
 
Their synthesis was accomplished according to the procedure introduced by Edinc [21] 
by direct reaction of lithioferrocene with 2,2’ : 6’,2”-terpyridine. Because the yields 
were very low, they devised alternative procedure for the synthesis of 42, by reaction of 
ferrocenecarbaldehyde 43 with two equivalents of the carbanion 44, derived from 2-
acetylpyridine. Then the desired dienone derivative 45 was treated with ammonium 
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In addition, they examined coordination chemistry of compound 42 using ruthenium. 
The reaction of ruthenium trichloride trihydrate with two equivalents of 42 in ethanol 
gave rise to dicationic bis-ferrocenyl complex 46 (as a major product) and ruthenium 






The new class of chiral DMAP (4-(dimethylamino)pyridine) ligands 48 based on 
the ferrocene skeleton for nucleophilic catalysis was developed by Johannsen and co-
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For their synthesis they employed methodology developed by Kagan et al. [12b] with 




             The catalyst 49 displayed high catalytic activity in kinetic resolution of azlactone 














63 % yield, 42 % ee, R=Me
70 % yield, 34 % ee, R=Me
46 % yield, 21 % ee, R=i-Pr
51 52
 
Mamane and Fort [28] synthesized new chiral pyridine derivatives possessing the 
planar chirality of the ferrocene using aldolization-crotonization reaction. This simple 
reaction has been applied to the asymmetric synthesis of isomers 53-56 by changing 
Introduction_____________________________________________________________ 
 
Agnieszka Mroczek, “Chiral ferrocenyl ligands with pyridine nitrogen donors”,      
PhD thesis in Scienze e Tecnologie Chimiche, Università degli studi di Sassari                                       22 







The asymmetric synthesis of these ligands has been achieved using Negishi 
coupling of enantiopure ferrocenylzinc 57 intermediate with 2-bromopyridine-3-
carbaldehyde and 3-bromo-2-chloropyridine in the presence of a catalytic amount of 
PdCl2(PPh3)2 (scheme 19). The ferrocenylzinc species was generated after lithiation of 






















Agnieszka Mroczek, “Chiral ferrocenyl ligands with pyridine nitrogen donors”,      
PhD thesis in Scienze e Tecnologie Chimiche, Università degli studi di Sassari                                       23 
This method was also applied for the preparation of a chiral analogue of 2,2’-
bipyridine 60, synthesized by homocoupling of 59 in the presence of a nickel complex 
(scheme 20). Using this methodology they were able to bring together the ferrocene and 






The first reports on the utility of ferrocenyl-based planar-chiral pyridine ligands 
in asymmetric catalysis were reported by Fu and coworkers [29]. They have synthesized 
orthosubstituted “planar-chiral” nitrogen heterocycles 61 based on the DMAP 
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The synthesis of 61 was accomplished by treatment of FeCl2 with C5R5Li, 
followed by addition of lithiated cyclopentenopyridine 63. Then oxidation with 
dimethyldioxirane 64 afforded the desired product 62. The ligand was obtained as a 






Ligands 61 were effective in a diverse array of asymmetric processes: the 
Staudinger synthesis of β-lactams 67, 69 from symmetrical 65 and unsymmetrical 
disubstituted ketenes 68 with a broad spectrum of imines 66; the acylation of silyl ketene 
acetals 71; additions of 2-cyanopyrrole and alcohols to ketenes; the kinetic resolution of 






































up to 92% ee
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Intermolecular Acylations of Silyl Ketene Acetals                                Rearrangement of O-Acylated Azlactones                               
                          
 
 
                                                     
 
            
In last decades chiral ligands derived from the bipyridine framework attracted 
great attention mainly for their potential applications in catalytic reactions of synthetic 
interest such as hydrogenation, allylic substitution, hydrosylation, cyclopropanation, etc. 
The chemistry of chiral ferrocenyl bipyridines, however, thus far is restricted to the work 
of Fu and co-workers [31], who worked out the synthesis, resolution and 
crystallographic characterization of the C2-symmetric ferrocene bipyridine derivative 84 
featuring a stereogenic plane as the unique chirogenic element (scheme 23). 
This ligand was prepared by complexation of the lithiated cyclopentenopyridine 
82 to (Cp*FeCl)n and the resulting ferrocene derivative 83 (59% yield) was then 
reductively coupled with NiBr2(PPh3)2/Zn/Et4NI to give the racemic ferrocenyl 



























































R' + Ac2O 1-2.5% (+)-61c










up to 99% ee
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 The effectiveness of this ligand in promoting the Cu-catalyzed cyclopropanation of 
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1.3 Ferrocenyl pincer ligands (NCN) 
 
Pincer ligands are tridentate species, represented by the general formula ECE, which 
can bind a metal centre in a tridentate equatorial fashion through two neutral and one 
anionic donors. Most frequently they provide the conditions for a carbon-metal sigma 
bond to be generated. Two electron donating substituents in ortho position to this 
carbon-metal sigma bond are held in syn-periplanar position and coordinate to the metal 
center via a heteroatom (E=oxygen, sulphur, nitrogen, phosphorus, etc.) (figure 10) [32]. 
Pincer complexes are obtained by complexation to a metal centre of a pincer ligand. The 
rigidity of the pincer-metal interaction results in high thermal stability of the relevant 
complexes. This stability is ascribed to the constrained geometry of the pincer (the 
presence of metal-carbon δ bond), which prevents the metal disassociating from the 
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Various ligand parameters can be modified, which allows to adjust the steric and 
electronic properties of the complexed metal center without changing its bonding pattern 
significantly. For example, steric influences may be varied by alterating the size of the 
donor substituents or by introducing functional groups in the benzylic positions. Strong 
electronic effects are consequent to the type of donor atoms E and the electron-
withdrawing or –releasing character of their substituents. Sites which do not exhibit 
significant influences on the metal center may be used for other purposes, like the 
introduction of molecular recognition sites. 
The first pincer complexes with phosphorus donors were reported in 1970 [33] and 
since then, catalytic applications of pincer complexes have been studied at an 
accelerating pace. Various homogeneous catalytic processes with pincer complexes have 
been reported,
 
including Kharasch addition [34],
 










stannyl and silyl transfer to propargylic substrates [39]. 
Metal pincer complexes containing terdentate NCN-pincer ligands which include one 
metal–carbon bond and where the N-ligands are amino, oxazolinyl or pyridinyl trans-
chelating functionalities are of growing interest and have been prepared for a wide range 
of transition metals (figure 11). They are therefore found in numerous applications, such 
as catalysis, catalyst immobilisation, optical devices and sensor materials [40]. Despite 
considerable progress, chiral version of N,C,-pincer ligands for asymmetric catalytic 
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Van Koten and co-workers [32] have studied in detail the organo-transition metal 
chemistry with NCN pincer ligands, containing chiral information at the benzylic 
carbons. They synthesised a variety of para-substituted N,C,N-pincer complexes based 
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The nickel complex 92a was found to be an excellent catalyst for the reaction of methyl 
methacrylate 93 with CCl4, producing the 1:1 adduct 94 in 90% yield after 15 min at 






It has been shown that substitution at the para-position (Z) of the NCN pincer 
complex had a significant effect on the catalytic activity of the nickel centre. Electron-
donating groups (NMe2 or OMe) increased catalytic activity, while electron withdrawing 
groups (Cl or MeCO) decreased the activity. 
The first example of bis(oxazolinyl)phenyl–ruthenium(II) 96 complexes were 
investigated in the group of Nishiyama [41]. Their synthesis was based on C–H bond 
activation with RuCl3x3H2O in zinc powder and 1,5-cyclooctadiene followed by ligand 
exchange reaction with sodium acetylacetonate or acetylacetone (scheme 26).  
Complex 96 was applied to the enantioselective hydrogenation of ketones 97 in 
isopropyl alcohol with NaOMe to afford the corresponding S-alcohols 98 with 
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There have been only few reports on the synthesis of pincer complexes based on 
aromatic carbocyclic systems other than benzene such as cyclopentadienyl ring of 
metallocenes. The first ferrocenyl PCP pincer complexes of rhodium and palladium were 
designed in 2002. 
Koridze et al. [42] published results on the synthesis and X-ray structure of the 
first representative of ferrocene-based PCP pincer complex, the rhodium derivative cis-
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Later they extended their study to the synthesis of palladium complex 101 
(scheme 28) obtained by reaction of 1,3bis((dialkylphosphino)methyl)ferrocenes 100 


















After the examination of the structural and spectroscopic properties of 101 they 
pointed out the basic features of ferrocene-based pincer complexes, which distinguish 
them from their benzene analogues and make them attractive for their use in catalysis. 
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1. The iron atom in ferrocene is located in the proximity of the catalytic center (the 
complexed metal atom M). This may facilitate the tuning of electronic effects 
onto the atom M. 
2.  The sandwich nature of ferrocene provides for a planar-chirality when the donor 
atoms feature a diverse substitution pattern  
3. The iron atom in ferrocene can undergo rapid and reversible redox reactions, 
providing an additional possibility to tune the electron density at the catalytic 
center 
 
Following their interest in the palladium ferrocene-based pincer complexes they 
reported the first example of ferrocenium-based pincer complex 103, obtained by 
reaction of 102 with an equivalent amount of [Cp2Fe]PF6 in methylene chloride at room 






At the same time van Koten, Brown and co-workers [44] published a brief report 
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The synthesis of this complex was achieved by reaction of 1,3 
bis(diphosphinomethyl)ferrocene 100 with [(C2H4)2RhCl]2  to form an equilibrating 
mixture of exo- and endo-H isomers by C-H insertion into ferrocene, in which the 
unubstituted cyclopentadienyl ring is respectively cis-104 or trans-104 to the hydride. 
The results are consistent with initial intramolecular C–H insertion from the less 
hindered exo-face of the ferrocene to give complex cis-104. Equilibration of complexes 
cis-104 and trans-104 may occur through reversal of that step, or phosphine dissociation 
and recombination. The formation of this complex was considered to be very important 
to a further search for procedures for the synthesis of precursors of metallocene-based 
pincer ligands such as PCP and PCN.  
There are also a few reports on N,C,N-pincer aryl ligands supported on the 
ferrocene scaffold. Recently van Koten et al. [45] reported the synthesis and 
coordination chemistry of trimetallic FePd2 and FePt2 complexes 108 (scheme 31). The 
108 was synthesised following the Sonogashira cross-coupling protocol [46] by heating 
105 with two equivalents of 106 in the presence of catalytic amount of 
[(Ph3P)2PdCl2/CuI] and diisopropylamine as solvent. Then 107 was subsequently reacted 
with nBuLi, I2 and either [Pd2(dba)3] or[Pt(tol)2(SEt2)2] affording trimetallic 108. 
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A different type of chiral N,C,N-pincer ligand supported onto the ferrocene 
scaffold is the enantiomerically pure 1,3-bis(2’-oxazolinyl)ferrocenes 110, synthesised 
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Scheme 32 
 
Moreover, they demonstrated the possibility of performing a regioselective 
lithiation in position 2 of the disubstituted cyclopentadienyl ring (scheme 33). The 
product 111 was obtained with 60 % yield using tBuLi at reflux. However, the use of 
LDA in the presence of TMEDA, nBuLi or tBuLi at room temperature resulted in 






The formation of 111 proved the possibility of metalation and creation transition 
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1.4 Ferrocenyl phosphine ligands 
 
Ferrocenylphosphines are effective ligands in transition-metal catalyzed 
asymmetric reactions, often with high enantioselectivity. The unique structure of 
ferrocenes allows to design a variety of chiral ferrocenyl phosphine ligands. Chiral 
ferrocenylphosphines were first reported by Hayashi and Kumada [48]. For their 
preparation they used the methodology reported by Ugi et al. [7] for ortho-lithiation of 




The phosphination of the lithiated 4 gave 6 with 60-70 % yield. The synthesis of 
112 was accomplished by the stepwise lithiation of 4 with buthyllithium and then with 
buthyllithium and TMEDA, followed by addition of diphenylchlorophosphine with 60-
70 % yield. These ligands were applied in the asymmetric cross-coupling of 1-
phenylmagnesium chloride 113 with vinyl bromide 114 in the presence of nickel or 
palladium catalyst. The coupling product, 3-phenyl-1-butene 115 was obtained in 68 % 
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The asymmetric cross-coupling has been also successfully applied in the 
synthesis of optically active allylsilanes. The reaction of α-
(trimethylsilyl)benzylmagnesium bromide 116 with vinyl bromide 117 in the presence of 
0.05mol% of palladium complex coordinated with (R)-(S)-6 (R=Ph) produced high 
















up to 95% ee
 
The first chiral bis-ferrocenyl bisphosphine 121 (Trap) has been synthesized by 
Sawamura et al. [49] using Ugi’s methodology for ortholithiation [7] (scheme 37). 
According to Ugi’s method the iodo derivative 119 was synthesized by 
ortholithiation with BuLi, followed by electrophilic quenching with iodine. Then 
introduction of diphenylphosphinyl group afforded 120, which was subjected to 
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The high efficiency of 121 has been demonstrated in rhodium-catalysed 
asymmetric Michael addition of α-cyano carboxylates 122 to vinyl ketones 123 [50] 




















up to 89 ee
 
 
In 2000 Kuwano et al. [51] reported the usefulness of 121 in enantioselective 
hydrogenation of indolic compounds 125. The catalyst system formed by 
[Rh(nbd)2]SbF6 and 121 provided indolines 126 with up to 95% ee. This protocol was 
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later extended to the asymmetric hydrogenation of N-tosyl 3-substituited indoles 125a, 
giving the indoline products 126a in up to 98% ee (scheme 39). This procedure has been 







A wide number of ferrocenyl-phosphines of the most varied structure have been 
synthesized during last years. These ligands gave high values of enantiomeric excess in 
various types of catalytic asymmetric reactions such as rhodium-catalyzed 
hydroboration, palladium-catalyzed Heck-type reaction, rhodium-catalyzed 
isomerization, ruthenium- and rhodium-catalyzed hydrogenation of olefins and ketones, 
etc. [52]. The number of these ligands is too large for they to be dealt with in detail in 
this thesis.   
 A privileged class of P,N-ligands was introduced by Fu and Tao in 2002 [53]. 
The synthesis of a new planar-chiral P,N ligand 129 was achieved by treatment of FeCl2 
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with C5Me5Li and then addition of 2-chloro-4-methyl-7H-cyclopenta-pyridinyllithium 
salt 127, afforded ferrocene derivative 83. Then subsequent Kumada coupling of 83 with 
MeMgBr produced 128, which was lithiated and then quenched with ClPPh2 to give 129, 






The ligand 129 was applied in catalytic asymmetric hydrosilylation of ketones 
130 (scheme 41). For a broad spectrum of aryl alkyl and dialkyl ketones the catalytic 
system Rh/129 gave excellent yields (74-99 %) and enantioselectivities (72-99 %) of the 
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1.5 Aims of the work 
 
The present study is a part of the project directed towards the design and synthesis of 
new ferrocenyl ligands, which might be used in asymmetric catalysis. In Prof. Gladiali 
Group were already synthesized four ferrocenyl ligands with pyridine nitrogen donors 






Some of these derivatives were successfully employed as ligands in asymmetric 
catalysis affording reasonable levels of enantioselectivity in palladium-catalyzed allylic 
substitution.  
In this context the primary focus of the study was to repeat and improve the synthesis of 
these ligands and further application in asymmetric catalysis, with emphasis to increase 
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The promising results in catalytic tests of above ligands encouraged the design of 
new ferrocenyl-based planar-chiral pyridine derivatives D1, D2 and D3 and their further 
transformation into ferrocenyl pyridine ligands L5, L6 (scheme 42). This, indeed, 
proved to be the most challenging part of the work, as the synthetic methods reported in 






The third focus of the study was the synthesis of enantiomerically pure ferrocene-
based pincer ligands L7, L8, L9 and L10 (figure 16) and their application in asymmetric 
catalysis. It was our expectation that ferrocenyl pincer (NCN) ligands might lead to the 
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Finally, following recent reports documenting the use of monodentate 
phosphorus ligands in various homogeneous catalytic processes, we were stimulated to 
extend our studies of the synthesis of ferrocenyl P,N-heterodonor L11 and bisferrocenyl 
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     2. Results and discussion 
 
The purpose of the present study was to design, prepare, and test new ferrocenyl 
ligands in asymmetric catalysis. In spite of the large number of chiral ligands, 
originated from the ferrocene scaffold, examination of literature data shows that 
applications in asymmetric catalysis of chiral ferrocenyl ligands with nitrogen donors 
and, in particular, with pyridine nitrogen donors, are still quite limited. This is mainly 
due to difficulties related to the synthesis of chiral ferrocenyl ligands of this type in 
enantiopure form. For this reason the procedure for the preparation of ferrocenyl 





                                        
Conditions: sat. KOH, EtOH, rt 
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At present the library of these ligands is made up with three bidentate L1, L2, L3 
and one tridentate L4 ferrocenyl ligands (scheme 43).  
Their synthesis was accomplished by Friedlander condensation of the enantiopure 
(S)-ferrocenyl amino aldehyde D10 with a suitable ketone in the presence of ethanolic 
KOH, according to the procedure established for the preparation of alkylsubstituted 
phenanthrolines [54].  
The synthesis of these pyridine ligands commences with the introduction of 
planar chirality onto the ferrocene backbone. The first synthesis of chiral ortho-
condensed pyridine-ferrocenyl ligand 61 has been reported by Fu et al. [29] and has 
been performed as one-pot treatment of FeCl2 with C5R5Li, followed by lithiated 





This pioneering method, however, suffers from the drawback that it leads to the 
racemic product that need to be resolved by use of chiral HPLC, resulting in poor 
overall yields of enantiopure product. Moreover, the resolution procedure must be 
tuned for each substrate, and consequently it becomes time-consuming if a variety of 
molecules are to be synthesized. In our case it would have been advisable to devise a 
modular synthetic strategy amenable for the stereoselective preparation of a library of 
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enantiopure ligands via a cost-effective route relying on few synthetic steps and 
avoiding a late resolution stage.  
One of the most straightforward method to condense a pyridine ring onto a 
cyclopentadienyl ring of ferrocene is the Friedlander condensation, where an ortho-
aminoaldehyde such as 2-aminobenzaldehyde 135 condenses in a two-step fashion with 






In the first step, aminoaldehyde acts as a nucleophile to initially form an imine 
137 by condensation with the ketone partner. Isomerization of the imine to an enamine 
138, followed by intramolecular cyclocondensation with the aldehyde group, leads to 
the final pyridine ring 139 [55].This method allowed the preparation of the variety of 
targeted pyridine derivatives with only minor modifications of the route, by changing 
the substituents on the methyl ketone derivative. In comparison to earlier methods for 
pyridine synthesis the Friedlander approach is metal-free, does not suffer from complex 
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impurities, and thus proceeds in high yield. Generally Friedlander condensation is 
carried on in the presence of base (KOH, tBuOK, pyrrolidine), but subsequent work 
showed that also acid catalysts are effective for the Friedlander annulation. Acid 
catalysts such as hydrochloric acid, trifluoroacetic acid, toluenesulfonic acid, sulfuric 
acid, p-toluensulfonic acid, and polyphosphoric acid have been widely employed for 
this conversion [56]. However, some of catalysts for Friedlander condensation present 
limitations due to the use of toxic and corrosive reagents, the tedious workup 
procedures, the necessity of neutralization of the strong acid media, producing 
undesired washes, long reactions times, and high temperatures.  For example, the 
sulfuric acid protocol involves the utilization of refluxing acetic acid as the solvent, 
while the hydrochloric acid method required the reaction temperature up to 200 ˚C. 
Thus, especially for ferrocenyl derivative D10, which is not a stable compound, the 
choice of the suitable catalyst was an important task. In order to optimize this step, 
different acids (sulfamic acid, HCl), bases (tBuOK, pyrrolidine, piperidine), solvents 
and temperature conditions were explored. The most suitable method for the synthesis 
of targeted ligands appeared to be the procedure developed by Gladiali and co-workers 
[54]. They reported the use of saturated KOH in ethanol at room temperature for the 
synthesis of phenantroline derivatives, and these mild conditions seemed to be efficient 
enough with no tendency to decompose the starting material, as it happened while 
using harder conditions. As Friedlander condensation involves reaction between 
aldehyde and amine groups with enolizable ketone, the synthesis of enantiopure 
ferrocenyl amino aldehyde D10 was undertaken. In this contest we relied on the ortho-
directed metallation methodology developed by Kagan et al. [12]. This method was 
originally introduced by Ugi et al. [7] for the preparation of enantiopure ferrocene 
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derivatives using diastereoselective lithiation of (N,N-dimethylamino)methyl ferrocene 






 According to this pioneering work many chiral ferrocenyl ligands were synthesized. 
The ortho-directing methodology was highly stereoselective and the 
diastereoselectivity ranged up to 96 %. There were reported two methods for this 
strategy. The first one, studied by Kagan relies on ferrocenyl complexes bearing 
temporary chiral acetals, oxazolines or amines, which work as ortho-directing group. 
The second alternative approach involves the use of ferrocenyl complexes bearing 
achiral orthodirecting agent and a chiral reagent as a combination of alkyllithium/chiral 
ligand (such as sparteine). The second method was developed by Nozaki et al. in 1969 
[57] for the synthesis of 1,3-disubstituited ferrocenes 141, using isopropyl as meta-
directing group, but the products were isolated in very low enantiomeric excess. 
Lithiation of isopropylferrocene 140 was performed using n-butyllithium and (-)-
sparteine (2.5 eq. each), and then the reaction mixture was treated with an appropriate 
electrophile (scheme 47). 
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Recently, more positive results were obtained by Uemura et al. [58], who 
demonstrated the first example of the preparation of ferrocenes with planar chirality via 
the enantioselective ortho-lithiation of nonchiral (aminomethyl)-ferrocenes 142. As 
chiral reagent they used the combination of n-butyllithium and N,N,N‘,N‘-tetramethyl-
1(R),2(R)-cyclohexanediamine 143, which after quenching with DMF afforded the 
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The strategy proposed by Kagan allows the modification of functional group 
and introduction of various vicinal groups on the ferrocene ring allowing generation of 
a wide range of 1,2-disubstituited ferrocenyl derivatives. The other advantage of using 
a chiral acetal as the ortho-directing group is that, many enantiopure ortho-substituted 
ferrocenecarboxaldehydes can be obtained by removal of acetal protection.  Thus, this 
methodology was successfully employed for the synthesis of ferrocenyl amino 
aldehyde D10, key intermediate for the preparation of our targeted ligands via 
Friedlander condensation.  
 According to the procedure established by Kagan [12], enantiopure ferrocenyl 






In the first three steps, starting from commercially available 
ferrocenecarboxaldehyde D4, the protection of aldehyde group was introduced. Thus, 
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the aldehyde D4 was converted to the dimethyl acetal D5, by heating in neat trimethyl 
orthoformate in the presence of an acid catalyst. Transacetalization of the crude acetal 
D5 with (S)-(-)-1,2,4-butanetriol 145 (commercially available or prepared by reduction 
of malic acid 148) [59] (scheme 50) in the presence of activated molecular sieves with 
camphorsulfonic acid catalyst afforded the acetal D6. Protection of the free hydroxyl 
group as its methyl ether was then performed using NaH and CH3I in THF and gave the 
desired acetal D7.  Then diastereoselective ortho-metallation of the enantiopure acetal 
D7 with t.butyl lithium gave the lithiated compound that was quenched with tosylazide 








The metallation of D7 was extensively studied by Kagan [12]. He proved that the best 
results were obtained when deprotonation was performed using tBuLi in diethyl ether 
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at -78 ̊C. When the temperature was increased to 0 ̊C the diastereoselectivity dropped 
from 96% to 80-90%. Relying on these results we used the same conditions for 
metallation in the synthesis of our ligands. Accordingly, tBuLi in hexane (1.5 equiv.) 
was added at -78 ̊C to a 0.2-0.4M solution of D7 in diethyl ether, resulting in the 
formation of yellow precipitate, indicative of the lithiation of the substrate. After 30 
min. stirring at -78 ̊C the resulting suspension was allowed to warm to room 
temperature for the ortho-lithiation to be completed (formation of an orange 
precipitate). Then the lithiated acetal was quenched with tosylazide 146 at -78 ̊C and 
further stirred at room temperature overnight for the completion of reaction (dissolution 
of the precipitate). This method provided the azidoferrocene 2S,4S,SFc-D8 as the only 
isolated diastereomer. The formation of the desired azide product was confirmed by IR 
analysis of the isolated D8 by flash chromatography purification ((KBr) cm-1 2127 (N3) 
(figure 18).  
 
Figure 18 (IR, D8) 
 
Aminoferrocenes are known and several different synthetic routes for their 
preparation have been developed. They have been obtained either by reaction of copper 
phthalimide on ferrocene boronic acid followed by the deprotection of the phthalide 
derivative [62] or via reaction of the sodium salt of an amide on a bromoferrocene in 
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the presence of a copper (I) salt [63]. Some chiral aminoferrocenes have been as well 
reported, synthesized by Curtius rearrangement starting from optically active 
carboxylic acid 150, prepared by optical resolution (figure 19) [64]. However, all of the 






In our procedure the ortho-directing methodology was vital for addressing the 
stereochemistry of the reaction. Additionally, for the amino function to be introduced it 
was crucial that the quenching reagent responsible for the N-functionality could be 
converted into a primary amine in conditions as mild as to preserve the acetal 
protection.  
Many examples of trapping of lithiated species with different nitrogen 
electrophiles have been described. O-benzyl hydroxylamine has been used in the 
reaction with lithioferrocene to give aminoferrocene, but the yield of the isolated 
product was too low for this reagent to be useful in our case [65]. Higher-yielding 
methodology was adopted by Kagan [12], which was based on electrophilic amination 
of lithium cuprate 151 with N,O-bis(trimethylsilyl)hydroxylamine 152, where a 40% 
yield was claimed (scheme 52). However we were unable to reproduce this result, as in 
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our hands this reaction led to an unpractical mixture of compounds, where the presence 




The methodology which ultimately we relied on was adopted for the first time 
by Carretero et al. for the synthesis of 2-amino-substituted 1-sulfinylferrocenes 154 
[66]. They have found that the deprotonation of (R)-tert-butysulfinylferrocene 9 with n-
BuLi (THF, 0 °C) and further addition of tosyl azide led to the intermediate ferrocenyl 
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This compound was not isolated and was in situ reduced with NaBH4 under 
phase-transfer reaction conditions (Bu4N+I-, H2O-THF) to provide the aminoferrocene 
154 as the only isolated diastereomer in 64% overall yield after flash chromatography. 
Relying on these results, we used D8 without further purification for reduction with 
NaBH4 and Bu4NHSO4 in biphasic conditions (H2O/CH2Cl2) to give the desired D9 in 
55% overall yield after flash chromatography purification. 
Removal of the acetal protection was performed with dilute HCl to give, after 
simple workup, the required enantiopure aminoaldehyde D10. The purification of D10 
was made very easy, by separation of the chiral auxiliary (in the aqueous phase) during 
the workup after basification with 10% NaOH. D10 was obtained in 95% yield as a 
single diastereomer. 
The stereochemistry of the lithiation reaction was established by Kagan [12] 
and is in correlation with compounds already described in the literature [60]. Trapping 
of the ortho-lithiated D7 by methyl chloroformate gave the diastereomerically pure 
methyl ester 155, which upon hydrolysis of the acetal was converted into the 
corresponding aldehydo ester 156 ([α]D=+765, EtOH). This ferrocene derivative has 
already been prepared with (R) configuration by Schlogl et al. ([α]D=-760, EtOH) [61].  
A single crystal X-ray structure of 157 gave a further stereochemical confirmation. 
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These examinations showed, that acetal D7 was deprotonated by tBuLi in only one 
position. Probably, the specific chelation of lithium by methoxy group and one of the 






In our studies, the complete diastereoselectivity of lithiation was confirmed by 
1H NMR of D8 (figure 21). As can be seen in 1H NMR of D8, there is only one single 
peak (σ 5.47) indicating the presence of only one diastereomer. By reduction of D8 
with sodium borohydride, we further confirmed that the optical purity of the resulting 
aminoferrocene D9 was also complete (σ 5.43) (figure 22). Moreover, the optical 
rotation of D10 ([α]D=-753, CHCl3) and 1H NMR (figure 23) are in correlation to 
results reported by Kagan for (S)-aminoferrocenecarboxyaldehyde. 
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Figure 21 (1H NMR, D8) 
 
Figure 22 (1H NMR, D9) 
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2.1 The synthesis of L1, L2, L3 and L4 
 
Our first objective was to repeat and improve the preparation of ligands: L1, 
L2, L3 and L4 for the use in asymmetric catalysis. Their synthesis was accomplished 
by Friedlander condensation of ferrocenyl amino aldehyde D10 with a suitable methyl 
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The original procedure for the preparation of these ligands involved the reaction 
between D10 and the appropriate methyl ketone in 1:1 molar ratio. The major 
limitation of this step was the low yield due to the concurrent decomposition of D10 
during the reaction. This resulted in long reaction times (involving addition of D10 for 
completion) and tedious isolation procedures of the desired ligand from the unreacted 
methyl ketone. In this contest, the synthesis of above ligands required an improvement 
of the original procedure.   
We were pleased to discover that using an excess of D10 since the beginning of the 
reaction resulted in higher yields, decreased the reaction time and facilitated the 
purification of products.  
 Accordingly, L1 (figure 24 1H NMR) was prepared in Friedlander condensation 
between D10 and 0.7 eq. of 2-acetyl pyridine 132 (commercially available) in the 
presence of saturated KOH in absolute ethanol. The reaction was completed after 12 
hours at room temperature (scheme 53). The clean green solid L1 was isolated with 55 
% yield after flash chromatography on alumina with ethyl acetate as eluent.  
L2 (figure 25 1H NMR) was obtained as a brown solid in 52 % isolated yield, by 
reaction between D10 and 5,6,7,8-tetrahydroquinolin-8-one 133, which was prepared in 
four steps starting from commercially available 5,6,7,8-tetrahydroquinoline 159. The 
oxidation of 159 to 160 with hydrogen peroxide, followed by rearrangement to 161 and 
further oxidation to 162 resulted in the desired product 133 (scheme 55).  
Finally, the synthesis of L3 (figure 26 1H NMR) and L4 (figure 27 1H NMR) 
was accomplished by Friedlander condensation between D10 and 0.7 eq. and 0.35 eq. 
of 2,6-diacetyl pyridine 134, respectively. Ligands were isolated as brown solids after 
flash chromatography on alumina (L3, 61 % yield) and by crystalization from diethyl 
ether (L4, 60% yield). 
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Figure 25 (1H NMR of L2) 
 
 
Figure 26 (1H NMR of L3) 
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2.2. Friedlander condensation of α-dicarbonyl compounds  
 
From the work reported above, the Friedlander condensation of ferrocenyl 
amino aldehyde D10 with a suitable methyl ketone, was set up in the form of a 
straightforward entry into pyridoferrocenyl ligands. Our next intention in this area was 
to design a range of new chiral bidentate nitrogen ferrocenyl ligands of general formula 
L5 and L6. To this aim we targeted the synthesis of D1, D2 and D3 as the best suited 





Since our initial attempts to condense the ferrocenyl amino aldehyde D10 with 
the appropriate dicarbonyl derivative were completely unsuccessful, we decided to 
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investigate the Friedlander condensation of 2-aminobenzaldehyde 135 with our starting 
products in order to devise the right experimental procedure for the preparation of the 
desired ferrocenyl ligands.  
2-aminobenzaldehyde 135 was prepared by reduction of commercially available 





The best possible synthetic routes for Friedlander condensations [68] between 
135 and 2,3-butanedione 164, 2,3-butanedione oxime 165 (chosen in order to avoid 
possible dimerization of 164), ethyl pyruvate 166 were applied to study the synthesis of 
desired pyridine derivatives 167, 168, 169 and 170 (scheme 58).  
Reactions were carried on in the presence of different base and acid catalyst and 
the influence of the solvent and temperature on the reaction yield was investigated. 
Friedlander condensation of these α-dicarbonyl compounds appeared to be a 
challenging task, as the yields of the isolated condensation product were consistently 
very low (16-42%). The table 2 summarizes the best conditions for the synthesis of 
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As can be seen in the table 2, t.BuOK resulted the best suited catalyst for the 
condensation of 2,3-butanedione oxime 165, whereas for ethyl pyruvate 166, sulfamic 
acid was the catalyst of choice. In the case of 2,3-butanedione 164 it was possible to 
address the preparation of the mono- or the bis-pyridine product by changing the 
catalyst. Mono-pyridine 167 was obtained in the presence of acid catalyst (sulfamic 
acid), while bis-pyridine 168 are the preferred final products in the presence of base 
catalyst (the best results using tBuOK). 
For a deeper understanding of the competitive reactions taking place in solution 
and possibly find a solution to the encountered problems, some stability tests of 2-
aminobenzalehyde 135 (table 3) and of the dioxo derivatives 164, 165 (table 4) in 
different reaction conditions were performed.  
 
Table 3: Stability tests of 135 
Conditions Notes 















Table 4: Stability tests of 164, 165 


















-formation of self-condensation products 
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Stability tests showed that 2-aminobenzaldehyde 135 and 2,3-butanedione 164 
are not stable in applied conditions and this may account for the  low yields of 
condensation’s products. 164 under applied conditions formed the self-condensation 
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It was also proved that the protection of one carbonyl group of 164 as its oxime 
165 prevented the formation of self-condensation products. The presence of the oxime 
group enabled the Friedlander condensation to afford only monopyridine product 167.    
As for this research project, the Friedlander reactions of D10 with 164, 165 and 
166 were performed to give the ferrocenyl derivatives: D1, D2 and D3, respectively. 
Since 164, 165 and 166 were inert while using our original procedure for Friedlander 
condensation (sat. KOH/EtOH), the best procedures established for the synthesis of 
167, 168, 169 and 170 were employed. 
Unfortunately, D10 failed to react with targeted ketones. The harsh conditions (strong 
catalyst and high temperature) caused the decomposition of D10.   
 Since this method was unsuccessful, we performed the Friedlander 
condensation between D10 and 164, using milder conditions (ethanolic KOH), what 
afforded the corresponding ligand L5a (figure 29 1H NMR) in 35% yield after flash 
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2.3 The synthesis of ferrocenyl pincer ligands L7, L8, L9 and L10 
 
By recent reports documenting the use of pincer ligands in various homogeneous 
catalytic processes, we were stimulated to expand our investigation to include the 





As the common intermediate in the synthesis of L7, L8 and L9 we chose 
ferrocenyl cyano derivative D11. The cyano group gave access to different new 
ferrocenyl ligands, as the nitrile could be transformed into amine, pyridine and 
oxazoline. Thus, we performed Friedlander condensation between D10 and 3-
acetylbenzonitrile 172 in the presence of KOH in ethanol to provide D11 with 75% 
yield (Scheme 60).  
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2.3.1 The synthesis of L7   
 
The ligand L7 (figure 31 1H NMR) was obtained by reduction of cyano group 
from D11 into amine. The cyano group is usually reduced either by catalytic 
hydrogenation or by reaction with a strong hydride donor, such as lithium aluminium 
hydride or sodium borohydride in the presence of various transition metal salts [69].  
The technology of hydrogenating nitriles has been a convenient route to afford 
primary amines, but the high temperatures required for catalytic hydrogenation made 
this method not suitable for the present case. 
The reduction of D11 was initially performed using lithium aluminium hydride 
in THF, but under these conditions D11 decomposed. Further attempts to the synthesis 
of L7 with LiAlH4, examining the influence of temperature and addition of 
trimethylchlorosilane, were as well unsuccessful. Sodium borohydride, a milder, easier 
to handle reagent, would offer a better scope to omit the sensitivity issue of the D10, 
but is generally not strong enough for reduction of the cyano group and addition of 
transition metal salts is necessary to increase its reactivity. However, we employed the 
procedure for the reduction of ferrocenyl azide D8 (sodium borohydride with 
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tetrabuthyl ammonium bisulphate in biphasic conditions). But in this case the reduction 
was unsuccessful. We were not able to obtain the desired amine L7 neither using nickel 
(II) chloride in combination with excess of sodium borohydride in methanol [69c] nor 
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At last satisfactory results were obtained using organometallic reagent DIBALH 
(diisobuthylaluminum hydride), which was successfully used for reduction of the cyano 
group in (R)-(cyanohydroxymethyl)ferrocene and (R,R)-1,1’-
bis(cyanohydroxymethyl)ferrocene [70]. DIBALH, in comparison to metal hydride 
reducing agents, offers advantages in handling and in selectivity, what permits 
“cleaner” reductions and results in higher yields of desired products. Moreover, 
DIBALH reduces a wide range of organic functional groups. Nitriles may be reduced 
either to their aldehydes or completely to amines, depending on stoichiometric excess 
of reagent. In our case, was used a five-fold excess of DIBALH at -78°C in diethyl 
ether. After 5 hours the unreacted reagent was destroyed with dry methanol and further 
reduction of the imine intermediate was accomplished with sodium borohydride. We 
were pleased to find the complete reduction of the nitrile and formation of the desired 
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Figure 31 (1H NMR, L7) 
 
 
2.3.2 The synthesis of L8  
 
The ligand L8 (figure 32 1H NMR) was obtained by conversion of the cyano 
group from 172 into pyridine ring. A reaction which falls into this category is the 
transition metal-mediated cyclo-cotrimerization of alkynes (two moles) with nitrile 
(one mol) to afford pyridine ring. Such a process has received a considerable attention 
in recent years since it is synthetically useful, atom-economic and environmentally 
friendly. The classic version of this method was reported by Bonnemann et al. [71] for 
the synthesis of-mono, di-, and trisubstituted pyridines and bipyridines in the presence 
of organocobalt catalyst: CoCp(COD)- (pi-cyclopentadienyl)cobalt 1,5-cyclooctadiene. 
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This one-step reaction allows the selective formation of substituted pyridines with high 
conversions and high yields under reasonably mild conditions. Relying on these results, 
we performed the co-cyclotrimerization of D11 with acetylene in the presence of 
CpCo(COD), as catalytic precursor, in order to form L8 (scheme 63). Unfortunately 






Since this reaction required the high temperature (100 ̊C), we reverted the reaction 
sequence originally devised. Thus, the co-cyclotrimerization of cyano group from 3-
acetylbenzonitrile 172 with acetylene under the same conditions was performed, 
providing the desired 2-(3-acetylphenyl)pyridine 173 with 78 % yield after 
chromatography purification (scheme 64). Then Friedlander condensation between 
ferrocenyl aminoaldehyde D10 and 173 was performed in the presence of ethanolic 
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Figure 32 (1H NMR, L8) 
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2.3.3 The   synthesis of L9  
 
Nitriles contribute to oxazoline synthesis through several different modes of 
reaction. They react with amino alcohols directly to give oxazolines. A common and 
effective direct approach is the Lewis acid catalyzed reaction of nitriles with amino 
alcohols in an alcoholic or aromatic solvent at reflux. The most common Lewis acids 
employed include ZnCl2, ZnBr2, NiBr2, CuCl2 or kaolinitic clay. In the absence of a 
catalyst, much higher temperatures are required for the reaction.  
Aliphatic and aromatic nitriles are often converted to oxazolines via the 
corresponding imidates that then are reacted with amino alcohols. This two-step 
process usually provides for milder reaction conditions [72]. 
We started our research by employing the two-step process via intermediate of 
methoxyimidate 174. The 174 was formed in the reaction of 3-acetylbenzonitrile 172 
with methanol in the presence of sodium methoxide at room temperature. After 
neutralization with acetic acid and subsequent removal of the solvent, the relevant 174 
was obtained with 41 % yield after chromatography purification [73]. Then 174 was 
reacted with 2-dimethylaminopropan-3-ol 175 in the presence of a catalytic amount of 
p-toluenesulfonic acid to provide the corresponding oxazoline derivative 176 [74]. 
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The alternative method we approached was direct oxazoline synthesis using 
zinc chloride. This methodology was employed by Gomez et al. [75] for the synthesis 
of ferrocenyl-oxazoline ligands from the corresponding cyano derivatives. 
Unfortunately in our hands this approach failed, as at room temperature the reaction did 
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The same conditions we used for reaction of cyano group from 3-acetylbenzonitrile 172 
with 2-dimethylaminopropan-3-ol 175 to give the corresponding oxazoline product 176 





The yield of reaction was low (44 %) due to the formation of the cyclic aminal 177, 
which however was easily separated from 176 by flash chromatography. Then 
Friedlander condensation between ferrocenyl amino aldehyde D10 and 3-
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acetylbenzooxazoline 176 was performed to afford the desired ligand L9 (figure 33 1H 
NMR) with 35 % yield after chromatography purification. 
 
Figure 33 (1H NMR, L9) 
 
 
2.3.4 The synthesis of L10  
 
The most trivial synthetic approach to synthesize the targeted pyridine ligand is 
the Friedlander condensation between our aminoaldehyde D10 and 1,3-diacetylbenzene 
178 (scheme 68). The reaction was performed in the presence of saturated ethanolic 
KOH at room temperature, affording the desired ligand L10 (figure 34 1H NMR) with 
20 % yield after chromatography purification.  
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Figure 34 (H NMR, L10) 
 
 
The reaction took 2 days for completion and the instability of ferrocenyl starting 
material under basic conditions may account for the low yield of the product. In order 
to improve the yield, we have tried to increase the speed of the reaction using stronger 
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acid (sulphamic acid) or basic (tBuOK) catalysts. Unfortunately, in more harsh 
conditions the decomposition of D10 was accelerated.  
 
2.4 The synthesis of P,N-ferrocenyl heterodonor ligand L11  
 
The preparation of the targeted ligand was approached according to several 
different synthetic strategies. The first methodology investigated was the Friedlander 
condensation between ferrocenyl aminoaldehyde D10 and 2-diphenylphosphine 
acetophenone 180, synthesized by displacement of fluoride from 2-fluoroacetophenone 
179 with potassium diphenylphosphide (75% yield) [76] (scheme 69). This approach 




The second route to ligand L11 involved the displacement of fluoride from 
D12, which was synthesized in Friedlander condensation between D10 and 2-
fluoroacetophenone 179 (22 % yield) (scheme 70). Unfortunately, as in the above case, 
the reaction failed. 
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The other approach to L11 was via introduction of the diphenylphosphine 
group, by metallation of D13 by tert-buthyl lithium and subsequent quenching with 
chlorodiphenyl phosphine [77]. This involved the intermediate preparation of D13 by 
Friedlander condensation of D10 and acetylbenzene 181 (15 % yield) (scheme 71). 
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Since the Friedlander condensation between D10 and 2-diphenylphosphine 
acetophenone 180 failed to give L11, some attempts to activate the acetyl group prior 
reaction were undertaken. Thus, we performed the Claisen condensation between 180 
and dimethyl carbonate 182 to give 2-diphenylphosphine ethyl benzoylacetate 183 with 
48% yield. The synthesis of 183 was accomplished only in harsh conditions (sodium 
hydride in toluene under reflux), while the attempts involving milder procedures failed 





Then 183 was used in Friedlander condensation with ferrocenyl aminoaldehyde 
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Finally the preformed enolate 184, prepared from 180 in the presence of LDA, 
was directly involved in the Friedlander condensation with D10, but also this attempt 
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2.5 The synthesis of bisferrocenyl phosphine ligands L12 and L13 
 
Although many useful chiral ferrocenyl phosphine ligands have already been 
reported, it is still a great interest to design new ligands of this type in order to create 
more efficient metal complex catalysts to be used in asymmetric reactions for which 
conventional ligands are not effective. In this contest, our next objective was the 











There are different synthetic methods to prepare phosphine ligands in laboratory 
and industrial scale. Our initial attempts to prepare targeted ligands relied on the 
procedure developed for the synthesis of chiral phospholanes, which involved the 
reaction of Li2PPh with dimesylate intermediate, prepared via alcohol derivative [79]. 
In this contest, we devised the three-step synthesis of the chiral (R)-α-2-









L12 (R,R) L13 (R,R)
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The first step involved the diastereoselective lithiation with tBuLi, followed by 
copper catalyzed homocoupling to give the coupling product D16 with 33 % yield after 
flash chromatography purification. Since the yield of this reaction was not satisfactory 
we have paid some efforts to develop higher yielding synthetic procedures. 
A few chiral ligands featuring a C2-symmetric bis-ferrocenyl framework have 
been already synthesized. The first example has been disclosed by Fu [31], who 
prepared the C2-symmetric ferrocene bipyridine derivative 84, by reductive coupling of 
83 with NiBr2(PPh3)2/Zn/Et4NI to give the racemic 84 (30% yield), which was resolved 
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by HPLC. Later this procedure of coupling reaction was employed by Sawamura [49] 




A better yielding coupling reaction (62%) was reported by Mamane [28] for the 
synthesis of 60 in the presence of a nickel complex: NiCl2xH2O/PPh3, which was 
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The coupling reaction of chiral 2-formyl-1-iodoferrocene D19 using activated 
copper powder was reported by Patti et al. [80] to give the bisferrocene product D17 in 




Based on this reports, we started our research by employing the procedure for 
coupling reaction of D7 using copper powder. In this context, the synthesis of D19 was 
undertaken, according to the procedure reported by Kagan [12]. The first step involved 
diastereoselective ortholithiation of D7 with tBuLi and trapping of lithiated acetal with 
iodine, followed by removal of acetal protection with 10% hydrochloric acid to give the 
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However, in our hands this coupling reaction was completely unsuccessful as 
the presence of D16 could not be even evidenced. This has led us to investigate some 
alternative methods for homocoupling of aryl compounds such as the oxidative homo-
coupling using FeCl3 [81]; the Kumada coupling with PEPSI catalyst [82]; oxidative 
homo-coupling using FeCl3 of the relevant magnesium halides obtained by 
trasmetallation of lithiated D7 with magnesium bromide (scheme 80). However, all 
these methods were inconclusive since no reaction took place. 
Hydrolysis of the diacetal D16 to the corresponding enantiopure dialdehyde 
D17 (96% yield) was readily accomplished with diluted HCl. Then D17 was purified 
by separation of the chiral auxiliary (in the aqueous phase) during the workup and was 
directly used for reduction with DIBALH to give the desired enantiomerically pure 
D18 with 56% yield.  
Then we continued our investigations with the synthesis of intermediates: 
dimesylate D23 and ditosylate D24 for the final introduction of the phosphine group. 
Unfortunately, neither the reaction of D18 with mesyl chloride using NEt3 nor the 
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We reasoned that D18 can easily form a stable carbocation leading during 
workup, to the formation of salts impossible to remove from the aqueous phase. It is 
well known that the ferroceneylmethyl carbocation can be efficiently stabilized by 
interaction with the lone pairs of the iron [1]. Such cations are so stable that they are 
formed very easily from appropriate precursors, like alcohols.  
The alternative approach involving the reaction of phenylphosphine with the 
ferrocenyl acetate intermediate D25, prepared in reaction of D18 with acetic anhydride 
in the presence of pyridine (scheme 82) was as well unsuccessful. This reaction led to 
an unpractical mixture of compounds, where the presence of L13 could not be even 
evidenced. 
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2.6 Attempted preparation of metal complexes with Fc-pyridine 
ligands 
 
2.6.1 The synthesis of RuCl2(dppb)(L7) complex 185 for transfer 
hydrogenation  
 
It is well-known that ruthenium complexes bearing phosphorus and nitrogen 
ligands can catalyze the transfer hydrogenation of ketones by means of 2-propanol as a 
hydrogen source [83]. Thus, the synthesis of RuCl2(dppb)(L7) complex 185 was 
attempted by reaction of L7 with RuCl2(PPh3)(dppb) 188. The preparation of 188 was 
easily accomplished by two-step approach, starting from RuCl3xH2O 186, via 







The synthesis of RuCl2(dppb)(L7)  and transfer hydrogenation were performed 
in one pot reaction, using a 0.1 M solution of ketone 189, 0.05 mol % of L7,  0.05 mol 
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% of 188 and 2 mol % of tBuOK under reflux conditions (scheme 84) [85]. 






2.6.2 The synthesis of transition metal complexes with tridentate 
ligands 
 
Despite the growing interest in chiral nitrogen-containing ligands [86], there are 
few reports on the use of N,N,N-terdentate ligands in enantioselective reactions and are 
mainly limited to C2-symmetrical bis(oxazolinyl)pyridines (pybox) [87]. Thus, we 
aimed to the synthesis of Rh(L4)Cl3 192 and RuCl2(L4)(CO) 193. 
The synthesis and application of series of new chiral 2,2’:6’,2”-terpyridines in 
the rhodium catalysed hydrosilylation of acetophenone with diphenylsilane and in the 
ruthenium- and rhodium-catalysed cyclopropanation of styrene with ethyl diazoacetate 
were reported by Chelucci et al. [88]. They prepared Rh(trpy)Cl3 complexes in high 
yields, by heating methanolic solution of chiral trpy ligand and RhCl3x3H2O 191. 
Encouraged by these results we adopted the same procedure for the preparation of 
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Rh(L4)Cl3 192 (scheme 85). Unfortunately, in our hands this procedure did not afford 






The synthesis of our next targeted ruthenium (II)-L4 complex 193  was 
attempted according to the procedure used by Nishiyama et al. [89] for the in situ 
preparation of chiral ruthenium (II)-pybox catalysts, which were efficient in the 
enantioselective cyclopropanation of olefins with diazoesters.
 
Thus, the solution of 
[RuCl2(p-cymene)]2 194 and L4 in acetone was exposed to carbon monoxide (1 atm) 
for 2 h at ambient temperature (scheme 86). 1H NMR analysis showed the complete 
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2.7 Allylic alkylation 
 
The ability of ligands L1 and L2 to induce stereoselectivity was tested in the 
classical palladium-catalyzed allylic alkylation of racemic 1,3-diphenyl-2-propenyl 






Pd/L1 Solvent Salt Time Temp. ̊̊ ̊̊C L*Conf. Conv. % e.e. % Conf. 
1:1 THF KOAc 78 h 25 S 40 37 S 
1:1 CH2Cl2 KOAc 5 min 25 S 100 50 S 
1:1 CH2Cl2 LiOAc 45 h 28 S 90 58 S 
1:1 Toluene KOAc 15 min 28 S 100 50 S 
1:1 Toluene LiOAc 30 min 28 S 100 51.5 S 
1:1 CHCl3 LiOAc 45 h 28 S 25 64 S 
1:1 CHCl3 LiOAc 45 h 0-7 S 22 75 S 
1:2 CHCl3 KOAc 48 h 25 S 50 49 S 
1:2 CHCl3 K2CO3 48 h 25 S 84 54 S 
1:2 CHCl3 LiOAc 48 h 25 S 50 66 S 
1:2 CHCl3 Li2CO3 48 h 25 S 68 59 S 
1:2 CHCl3 NaOAc 1,5 h 25 S 100 60 S 
1:2 CHCl3 Na2CO3 1,5 h 25 S 100 56 S 
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1:2 CHCl3 Cs2CO3 48 h 25 S 32 52 S 
1:2 THF KOAc 4 h 25 S 100 47 S 
1:2 THF LiOAc 32 h 28 S 98 52 S 
1:2 CH2Cl2 KOAc 5 min 25 S 100 51 S 
1:2 Toluene KOAc 10 min 14 S 100 47 S 
Pd/L2 Solvent Salt Time Temp. ̊C L*Conf. Conv. % e.e. % Conf. 
1:1 CH2Cl2 KOAc 45 min 25 S 100 46 S 
1:1 CH2Cl2 LiOAc 45 h 28 S 54 52 S 
1:1 CHCl3 LiOAc 45 h 28 S 25 59 S 
1:2 CHCl3 KOAc 8 h 18 S 100 43 S 
1:2 CHCl3 LiOAc 36 h 18 S 50 59 S 
1:2 CHCl3 LiOAc 48 h 0-7 S 50 68 S 
1:2 CHCl3 Li2CO3 48 h 25 S 45 51 S 
1:2 THF KOAc 45 min 18 S 100 42 S 
1:2 THF LiOAc 32 h 28 S 44 49 S 
1:2 CH2Cl2 KOAc 45 min 25 S 100 40 S 
1:2 Toluene KOAc 1.2 h 18 S 100 52 S 
1:2 Toluene LiOAc 2 h 25 S 100 40 S 
 
The reactions were performed initially in THF at room temperature by using, 
N,O-bis(trimethylsilyl)acetamide (BSA), KOAc as base and with a ratio of the Pd : 
Ligand = 1:2, to afford the (S)-alkylated product 196 in 47 % ee for L1 and 42% ee for 
L2 with 100 % conversion. The results are listed in Table 5.  
As can be seen in the table 5, conversion and stereoselectivity of the reactions 
were dependent on the reaction conditions, such as the temperature, choice of base and 
solvent. By using lithium acetate (LiOAc) instead of potassium acetate (KOAc), the 
products were obtained in higher ee’s (66% for L1, 59% for L2), but lower conversion 
(50% for both ligands). Reducing the ratio of the Pd: ligand from 1:2 to 1:1 resulted in 
decrease of conversion with only a slight change in enantioselectivity. When carbonate 
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salts were used instead of acetate, slight changes were observed in conversion and 
enantioselectivity. The enantioselectivity of the reaction was improved by lowering the 
temperature to 0   ̊C (75% for L1, 68% for L2).  
In conclusion, the best ee’s have been scored in chloroform at low temperature 
with lithium acetate as a base and thus far are lower than 80%. 
Ligands L1 and L2 were examined in the palladium-catalyzed asymmetric 
allylic alkylation of 1,3-diphenylprop-2-propenyl carbonate 197 (synthesized in two 
steps from 1,3-Diphenylprop-2-enol 198 (scheme 88) [91]) with dimethyl malonate 






 The reactions were performed in the same conditions, in which the best ee’s 
were obtained for 1,3-diphenylprop-2-propenyl acetate 195. As can be seen in the table 
6, the change of substrate from acetate (R=Me) to the carbonate (R=OMe) esters 
caused only slight changes in conversion and enantioselectivity of the reaction. 
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Pd/L1 Solvent Salt Time Temp. ̊C L*conf. Conv. % e.e. % Conf. 
1:2 CHCl3 KOAc 48 h 30 S 64 57 S 
1:2 CHCl3 K2CO3 48 h 30 S 64 54 S 
1:2 CHCl3 LiOAc 7 h 30 S 100 68 S 
Pd/L2 Solvent Salt Time Temp. ̊C L*conf. Conv.% e.e. % Conf. 
1:2 CHCl3 LiOAc 35 h 30 S 71 56 S 
 
Ligands L3, L4, L5a, L7, L8, L9 and L10 were screened as well in the 
palladium catalyzed allylic alkylation of 1,3-diphenyl-2-propenyl acetate 195 with 
dimethyl malonate, but they resulted unable to promote this catalysis. On the contrary, 
ligand L5a gave high conversions affording the (S)-alkylated product 196 with 100% 
conversion, but with very low enantiomeric excess (table 7).   
 
Table 7 
Pd/L5a Solvent Salt Time Temp. ̊C L*conf. Conv. % e.e. % Conf. 
1:2 CHCl3 LiOAc 3 h 23 S 100 22 S 
1:2 CH2Cl2 KOAc 2 h 23 S 100 12 S 
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The research reported here was aimed at the preparation of new ferrocenyl ligands 
for asymmetric catalysis. Most of the work pertained to the synthesis of new ferrocenyl 
ligands with pyridine nitrogen donors.  
In the course of this investigation we have devised practical procedures for the 
preparation of enantiopure ferrocenyl amino aldehyde D10, the key intermediate for the 
synthesis of targeted ligands in Friedlander condensation.  
Some of the prepared ligands L1-L4 (scheme 90) were synthesized before in Prof. 
Gladiali Group, but their synthesis have been improved and their utility in asymmetric 
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The synthesis of these ligands was accomplished by Friedlander condensation of 
the enantiopure (S)-ferrocenyl amino aldehyde D10 with a suitable ketone in the 
presence of ethanolic KOH. We discovered, that using an excess of D10 since the 
beginning of the reaction resulted in higher yields, decreased the reaction time and 
facilitated the purification of products.  
The key intermediate, ferrocenyl amino aldehyde D10 was synthesized in 6-step 





 For the synthesis of the acetal D7 and for its ortho-directed lithiation we relied 
on the methodology developed by Kagan et al. [12]. The diastereoselective ortho-
metallation of the enantiopure acetal D7 with t.butyl lithium gave the lithiated 
compound that was quenched with tosylazide 146 affording the azido derivative D8 with 
complete diastereoselectivity. Further transformation to D9 was accomplished by 
reduction with NaBH4 and Bu4NHSO4 in biphasic conditions (H2O/CH2Cl2).  Removal 
Conclusions____________________________________________________________ 
 
Agnieszka Mroczek, “Chiral ferrocenyl ligands with pyridine nitrogen donors”,    
   PhD thesis in Scienze e Tecnologie Chimiche, Università degli studi di Sassari                                 112 
 
of the acetal directing group by treatment with 10% HCl gave the desired amino 
aldehyde D10. Overall this method was higher yielding than the one previously reported 
by Kagan for the preparation of the same amino aldehyde. 
A lot of efforts have been addressed to the synthesis of a range of new chiral 






Our initial attempts for their preparation involved the synthesis of the ferrocenyl 
derivatives D1-D3 by Friedlander condensation of ferrocenyl amino aldehyde D10 with 
the suitable α-dicarbonyl compounds 164-166 and subsequent elaboration of the 
carbonyl functionality at C-2. Since this approach was completely unsuccessful, the best 
experimental procedures for accomplishing the Friedlander condensation of 2-
aminobenzaldehyde 135 with the α-dicarbonyl compounds were established and the four 
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Unfortunately, none of these procedures was useful for the synthesis of the 
desired compounds D1-D3, since under the conditions fit for the condensation of 2-
aminobenzaldehyde 135, the decomposition of D10 was too fast.  
The preparation of a single representative of the ligand family L5 was finally 
achieved by reverting the reaction sequence originally devised. Thus, when the quinoline 
167, obtained from the condensation of 2-aminobenzaldehyde 135 with 164, was 
engaged as a partner of D10 in the Friedlander condensation the desired ferrocenyl 
ligand L5a was finally obtained, albeit in modest yield.  
Our next efforts were addressed to the synthesis of ferrocenyl pincer ligands with the 
objective to provide ligands capable of formation metal-pincer complexes for 
asymmetric catalysis. We have been pretty successful in this task as we accomplished 
the preparation of the enantiomerically pure derivatives L7-L10 (scheme 90).  
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The preparation of L7 was straightforward as it was synthesized by reduction of the 
cyano group of D11, obtained by Friedlander condensation between D10 and 3-
acetylbenzonitrile 172. Unlike the previous case, the initial attempts to synthesize L8 
and L9 via transformation of D11 were unsuccessful. This required to undertake the 
synthesis of the appropriate intermediates 163 and 166 from commercially available 3-
cyanoacetophenone (figure 37). When engaged in Friedlander condensation with D10 
these two synthons were successfully transformed into the ligands L8 and L9, even if 
with modest yield. The last pincer ligand L10 was obtained in a single step by reaction 






The final efforts aimed to the synthesis of new ferrocenyl phosphine ligands L11-
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These ferrocenyl pyridine ligands synthesized were screened for their efficiency in 
the palladium-catalyzed enantioselective allylic substitution of 1,3-diphenyl-2-propenyl 























Agnieszka Mroczek, “Chiral ferrocenyl ligands with pyridine nitrogen donors”,    
   PhD thesis in Scienze e Tecnologie Chimiche, Università degli studi di Sassari                                 116 
 
Ligands L1 and L2 proved to be efficient chiral inducers in this process. The 
conversion and stereoselectivity of the reaction was dependent on the solvent, the 
temperature and the nature of the cation of the acetate or carbonate used as a basic 
promoter. For both ligands, the best ee’s (75% for L1, 68% for L2), have been scored in 
chloroform at low temperature with lithium acetate as a base. Both substrates 1,3-
diphenyl-2-propenyl acetate 195 and 1,3-diphenyl-2-propenyl carbonate 197 gave 
similar stereoselectivities of (S)-alkylated products, the top values ranging around 70% 
ee. 
Ligands L3 and L4 were screened as well in the palladium catalyzed allylic 
alkylation of 1,3-diphenyl-2-propenyl acetate 195 with dimethyl malonate, but they 
resulted unable to promote this catalysis. A similar inhibiting effect was noticed for the 
pincer derivatives L7-L10 which gave rise to a catalytic system devoid of any activity.  
In the same reaction ligand L5a produced an active catalyst that led to 100% 
conversions, but with very low enantiomeric excess. The highest ee, 22% for (S)-
alkylated product, was scored in chloroform in the presence of lithium acetate.  
 Some attempts to prepare Ru(II) and Rh(III) complexes containing L4 or L7 as a 
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4. Experimental part 
 
General: 
 All reactions sensitive to humidity were carried out either in vacuum or under an 
atmosphere of argon. Nuclear magnetic resonance spectra were obtained on a Varian 
VXR-5000 spectrometer at 300 MHz for 1H, 121.42 MHz for 31P and 75 MHz for 13C. 
Chemical shifts were reported in ppm downfield from internal Me4Si in CDCl3 for 1H- 
and 13C- and from H3PO4 for 31P-NMR. Optical rotations were measured on a Jasco P-
1010 polarimeter. Melting points were obtained with a Buchi 530 melting point 
apparatus. For column chromatography was used silica gel (230-400 mesh, Merk 60) 
and Neutral Al2O3 (70–230 mesh, Merck), according to the literature. All commercially 
purchased reagents were used without further purification and solvents were distilled 
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4.1 The synthesis of (S)-α-Aminoferrocenecarboxaldehyde, D10 
 
The synthesis of methyl ester of malic acid (S-dimethylmalate), 148:  
 
A solution of L-malic acid 147 (20g, 149.15 mmol) in 280 ml of dry 
methanol was introduced into a 1l round-bottom flask, equipped 
with calcium chloride drying-tube and dropping funnel, and was 
stirred at 0 ̊C. After 15 min. thionyl chloride (39.04 g, 328.13 
mmol) was added dropwise. When addition was completed the reaction mixture was 
kept stirring at room temperature. After 24 hours the mixture was concentrated to about 
50-75 ml and kept stirring while 259 ml of sat. NaHCO3 was added for neutralization. 
The product was extracted with CH2Cl2 (3x30ml) and the combined organic phase was 
dried over sodium sulfate, and the solvent was evaporated under reduced pressure to 
give the yellow oil 148.  
 
Yield: 90%. 1H-NMR (CDCl3) δ 4.38 (m, 1H), 3.65 (s, 1H), 3.63 (s, 3H), 3.55 (s, 3H), 
2.68 (dd, 1H, J=16.2 Hz 8.7 Hz), 2.66 (dd, 1H, J=16.2 Hz 8.7 Hz).  
 
The synthesis of (S)-1,2,4-butanetriol, 145: 
 
A solution of LiAlH4 (4.56 g, 120.1 mmol) in 150 ml of dry THF 
was introduced into 500 ml round-bottom flask under inert 
atmosphere and stirred at 0 ̊C. After 5 min a solution of (S)-
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added dropwise to the cold slurry. Then the reaction mixture was heated at 70˚C for 3 
days. After cooling distilled water (about 35 ml) was added dropwise and the reaction 
mixture was kept stirring for some time and was allowed to stand overnight. The slurry 
of the Li-compound settled down and a clear upper layer was decanted using a cannular 
tube.  The slurry was washed several times with THF and decanted again. Then the 
solvent was reduced to about 50 ml and toluene was added to remove water from the 
product, till the solvent was evaporated completely. The filtration through silica column 
using EtOH as eluent gave the pure compound 145.   
 
Yield: 65%. 1H-NMR (D2O) δ 3.76 (m, 1H), 3.66 (m, 2H), 3.55 (dd, 1H), 3.43 (dd, 
1H), 1.63 (m, 2H). 
 
The synthesis of dimethyl ferrocenyl-acetal, D5:  
 
A solution of ferrocenecarboxyaldehyde D4 (15 g, 70.09 
mmol) in 150 ml of dry MeOH was introduced into 250 ml 
round-bottom flask, equipped with the calcium chloride 
drying tube and refluxing funnel. Then the 
trimethylorthoformate (14.5 g, 137.1 mmol) and PTSA (0.66 g, 3.5 mmol) were added 
and the dark mixture was stirred at 80˚C for 3 hours. The reaction was monitored by 
TLC on silica gel (1:9=acetone:petroleum ether). Then few drops of triethyl amine and 
anhydrous K2CO3 were added and the stirring was maintained while the solution was 
allowed to cool. The mixture was diluted with Et2O and filtered on Celite under 
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reduced pressure. The crude acetal D5 (red dense liquid) was used directly in the next 
step.   
Yield: 96%. 1H-NMR (CDCl3) δ 5.39 (s, 1H), 4.30 (s, 2H), 4.15 (s, 6H), 3.28 (s, 6H). 
 
The synthesis of (2S,4S)-4-(Hydroxymethyl)-2-ferrocenyl-1,3-dioxane, D6:  
 
A mixture of S-(-)-1,2,4-butanetriol 145 (5.5 g, 51.8 mmol) 
in 67 ml of dry CHCl3, 40 g of activated 4˚A molecular 
sieves and a catalytic amount of camphorsulfonic acid (5 % 
mol equiv, 0.6 g) were introduced into a 250 ml round-
bottom flask under an argon atmosphere. Then the solution of ferrocenyl dimethyl 
acetal D5 in 23 ml of dry CHCl3 was added and the red mixture was stirred overnight at 
room temperature. The reaction was monitored by TLC on silica gel (1:1=AcOEt: 
Petroleum ether). Then anhydrous K2CO3 and few drops of Et3N were added and the 
suspension was then filtered on Celite and washed with dichloromethane. The solvent 
was evaporated under reduced pressure and the residue was purified by flash 
chromatography on silica gel with AcOEt/Petroleum ether/Et3N, 3:7:0.2 to give the 
yellow crystals of the pure product.  
 
Yield: 88%. 1H-NMR (CDCl3) δ 5.42 (s, 1H), 4.34 (m, 2H), 4.25 (m, 1H), 4.17 (s, 5H), 
4.14 (t, 2H, J=1.8Hz), 3.93 (m, 2H), 3.66 (m, 2H), 2.04 (dd, 1H, J=5.4Hz 7.8Hz), 1.86 
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The synthesis of (2S,4S)-4-(Methoxymethyl)-2-ferrocenyl-1,3-dioxane, D7:  
 
In the Schlenk tube under argon atmosphere NaH (60% 
in mineral oil, 1.14 g, 47.7 mmol) was introduced. The 
hydride was washed 3 times with dry hexane under Ar 
and 21 ml of dry THF were added. The suspension was 
cooled with ice-water bath and the solution of (2S,4S)-
4-(Hydroxymethyl)-2-ferrocenyl-1,3-dioxane D6 (9.61 g, 31.8 mmol) dissolved in 120 
ml of dry THF was added dropwise via cannula (addition for about 30 min) at 0˚C. 
Then to orange suspension the neat iodomethane (6.77 g, 47.7 mmol) was added. The 
mixture was stirred overnight at room temperature. The reaction was monitored by 
TLC on silica gel with Et2O. To eliminate the excess of NaH and CH3I, methanol was 
added at 0˚C and the reaction mixture was quenched with water. The mixture was 
concentrated, taken up in Et2O and washed with water and brine. The combined organic 
phase was dried over sodium sulfate, and the solvent was evaporated under reduced 
pressure. The crude D7 (brown oil) was used directly in the next step.  
 
Yield: 97%. 1H-NMR (CDCl3) δ 5.37 (s, 1H), 4.34 (m, 2H), 4.25-4.14 (m, 1H), 4.17 (s, 
5H), 4.11 (t, 2H), 4.05-3.94 (m, 1H), 3.94-3.85 (m, 1H), 3.56-3.39 (m, 2H), 3.42 (s, 
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The synthesis of (2S,4S,SFc)-4-(Methoxymethyl)-2-(α-azidoferrocenyl)-1,3-dioxane, 
D8:  
 
A dry Schlenk tube (250 ml) was charged with the 
(2S,4S)-4-(Methoxymethyl)-2-ferrocenyl-1,3-dioxane 
D7 (4.39 g, 13.88 mmol) under Ar and dissolved in 72 
ml of dry ether (5-10 ml of ether per 2 mmol of acetal). 
The orange solution was cooled to -78 ˚C, and after 30 
min. t-BuLi (1.1 equiv as a 1.5 M solution, 13.9 ml, 20.82 mmol) was injected 
dropwise, yielding after a few minutes a bright yellow precipitate. After 30 min of 
stirring, the mixture was allowed to stir at rt for 1h. Upon warming, the precipitate 
dissolved and a bright orange precipitate of lithiated acetal gradually formed. The 
mixture was cooled again to -78˚C and a solution of tosylazide 146 (3.55 g, 18.01 
mmol) in 36 ml of dry THF was added through cannula. The resulting mixture was 
further stirred at rt overnight and a bright red color was observed. Then the reaction 
was quenched with distilled water and the solvents were evaporated under reduced 
pressure. The resulting slurry was diluted with water and extracted three times with 
dichloromethane. The combined organic phase was dried over sodium sulfate, and the 
solvent was evaporated under reduced pressure. The resulting crude black-colored oil 
D8 was analyzed by 1H NMR and used directly in the next step. Analysis showed the 
presence of a mixture of: desired product D8 (83 %), starting material D7 and 
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Te synthesis of (2S,4S,SFc)-4-(Methoxymethyl)-2-(α-aminoferrocenyl)-1,3-dioxane, 
D9:  
 
In a dry Schlenk tube (250 ml), charged with the crude 
(2S,4S,SFc)-4-(Methoxymethyl)-2-(α-azidoferrocenyl)-1,3-
dioxane D8 (5.5 g ,14.14 mmol) under Ar dissolved in 23 
ml of dry dichloromethane was added  Bu4NHSO4  (1.92 g, 
5.65 mmol). Then the solution of NaBH4 (2.14 g, 56.56 mmol) in 14 ml of distilled 
H2O was injected dropwise. The resulting two-phase solution was further vigorously 
stirred at rt overnight. The reaction was monitored by TLC on silica gel 
(Et2O:AcOEt:Et3N=4:1:0,1). The reaction mixture was then diluted with equal volume 
of brine (36 ml), extracted three times with dichloromethane, dried over Na2SO4, 
filtered and the solvent was evaporated. The crude was analyzed by 1H NMR. The 
analyzis showed the presence of the desired product D9, (2S,4S,SFc)-4-
(Methoxymethyl)-2-(α-azidoferrocenyl)-1,3-dioxane D8 and (2S,4S)-4-
(Methoxymethyl)-2-ferrocenyl-1,3-dioxane D7. The pure product D9 (orange oil) was 
recovered after flash chromatography on silica gel (AcOEt:Et2O:Et3N=1:4:0.1).  
 
Yield: 74%. 1H-NMR (CDCl3) δ 5.40 (s, br, 1H), 4.22 (m, 2H), 4.13 (s, 5H), 4.04 (m, 
1H), 3.91 (m, 2H), 3.81 (s, br, 1H), 3.52 (m, 2H), 3.45 (s, 3H), 3.03 (m, br, 2H), 1.83 
(m, 1H), 1.51 (m, 1H). 13C-NMR (CDCl3) δ 101.06, 76.16, 75.81, 73.21, 69.84, 66.72, 
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The synthesis of (S)-α-Aminoferrocenecarboxaldehyde, D10:  
 
To a solution of (2S,4S,SFc)-4-(Methoxymethyl)-2-(α-
aminoferrocenyl)-1,3-dioxane D9 (0.3 g, 0.9 mmol) in 17 ml of 
CH2Cl2  in separatory funnel was added 17 ml of 10 % HCl and 
shaked vigorously. The reaction was run no more than 30 min to 
avoid decomposition of the aminoaldehyde in acidic medium. The organic layer, 
initially light yellow, had become colorless and the aqueous phase dark red, indicating 
the almost instantaneous deprotection. The aqueous phase was then alkalinized with 
NaOH 10% and extracted with CH2Cl2. The aqueous layer was stored for recovery of 
the chiral auxiliary ((S)-1-(methoxymethyl)-1,3-propanediol). The combined organic 
layers were dried over Na2SO4, filtered and evaporated under reduced pressure. The 
resulting red-colored crude was used directly in the next step without further 
purification.  
 
Yield: 97%. 1H-NMR (CDCl3) δ 9.99 (s, 1H), 4.41 (m, 1H), 4.33 (m, 1H), 4.20 (m, 
1H), 4.16 (s, 5H), 3.83 (bs, 2H). [α]D=-753(c=0.032, CHCl3). 
 
The synthesis of p-Toluenesulfonyl azide, 146:  
 
Into a 100 ml round-bottom flask, equipped with calcium chloride 
drying tube, a solution of p-toluensulfonyl chloride 149 (5g, 26.2 
mmol) in 15 ml of dry acetone was introduced. Then a solution of 
sodium azide (1.703g, 26.2mmol) in 8 ml of distilled water was added 
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quenched with distilled water (100ml) and extracted two times with diethyl ether. The 
ether phase was washed two times with water and all water phases were extracted again 
with diethyl ether. The combined organic layers were dried over Na2SO4, filtered and 
evaporated under reduced pressure (without heating, the tosylazide is sensitive to high 
temperature). The product 146 (yellow oil) was stored in the fridge under argon and 
used directly in the next step.  
 
Yield: 95%. 1H-NMR (CDCl3) δ7.83 (d, 2H, J=12Hz), 7.40 (d, 2H, J=12Hz), 2.48 (s, 
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4.2 The synthesis of L1, L2, L3 and L4 
 
The synthesis of L1: 
 
A mixture of ferrocenyl amino aldehyde D10 (0.5g, 
2.18 mmol), 2-acetylpyridine 132 (0.15g, 1.75 mmol) 
and saturated ethanolic KOH (1.78 ml) in absolute 
ethanol (40 ml) was introduced into a 100 ml round-
bottom flask under Ar and stirred for 12 hours at rt. Then the reaction was quenched 
with distilled water and the solvent was evaporated. The resulting slurry was diluted 
with water and extracted three times with CH2Cl2. The combined organic phase was 
dried over sodium sulfate, and the solvent was evaporated under reduced pressure. The 
residue was purified by flash chromatography on Neutral alumina with EtOAc yielding 
the green solid of L1.  
 
Yield: 51%. 1H-NMR (CDCl3) δ 8.69 (d, 1H, J=4.8 Hz), 8.47 (d, 1H, J=8.1 Hz), 8.28 
(d, 1H, J=9.3 Hz), 7.96 (d, 1H, J=9.0 Hz), 7.84 (t, 1H, J=6.9 Hz), 7.35 (t, 1H, J=6.0 
Hz), 5.46 (s, 1H), 4.95 (s, 1H), 4.26 (s, 1H), 3.90 (s, 5H). 13C-NMR (CDCl3): δ 159.55, 
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The synthesis of 5,6,7,8-Tetrahydroquinoline-N-Oxide, 160:  
 
A mixture of 5,6,7,8-Tetrahydroquinoline 159 (25.2 g, 0.19 mol), 
H202( 30%, 44 mL , 0.44 mol), and 75 mL of acetic acid was heated 
at 70 ̊C for 3 h. An additional 22 mL of H202 was added and the 
mixture was heated at 70 ̊C for 24 h. The reaction mixture was concentrated in vacuo, 
made alkaline with 10% NaOH and extracted with dichloromethane. The combined 
organic layer was dried over Na2SO4, the solvent was removed, followed by 
recrystallization from Et20.  
 
Yield: 84%. 1H-NMR (CDCl3) δ 8.39 (d, 1H), 7.02 (m, 2H), 2.94 (t, 2H), 2.77 (t, 2H), 
1.95-1.87 (m, 2H), 1.81-1.73 (m, 2H). 
 
The synthesis of 8-Acetoxy-5,6,7,8-tetrahydroquinoline, 161:  
 
To 5,6,7,8-Tetrahydroquinoline-N -Oxide 160 (12 g, 0.083 mol), 
maintained at 70 ̊C, was added very carefully acetic anhydride (17.52 
g, 0.17 mol). The temperature rose to 130 ̊C during the addition and 
was maintained at 110 ̊C for 10 h. The reaction mixture was concentrated, made 
alkaline with 10% NaOH, extracted with dichloromethane, and dried over Na2SO4. The 
product 161 was used for the next step without purification.  
 
Yield: 83%.  1H-NMR (CDCl3) δ 8.05 (d, 1H, J=6Hz), 7.45 (d, 1H, J=5.5), 7.16 (m, 
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The synthesis of 8-Hydroxy-5,6,7,8-tetrahydroquinoline, 162:  
 
A mixture of 8-Acetoxy-5,6,7,8-tetrahydroquinoline 161 (11g, 0.057 
mol) and 10% NaOH (100 mL) was heated at 70 ̊C for 2 h. The 
reaction mixture was extracted with Et20, dried over Na2SO4 and 
concentrated. The residue was subjected to chromatography on silica gel with 
AcOEt:MeOH:Et3N (95:2.5:2.5) as eluting solvent. Then the impure fractions were 
crystallized from petroleum ether yielding the oily product 162.  
 
Yield: 72%. 1H-NMR (CDCl3) δ 8.41 (d, 1H, J=4Hz), 7.41 (d, 1H, J=5Hz), 7.13 (m, 
1H), 4.72 (t, 1H), 4.23 (s, 1H), 2.82 (m, 2H), 2.28 (m, 1H), 2.01 (m, 1H), 1.83 (m, 2H). 
 
The synthesis of  5,6,7,8-tetrahydroquinolin-8-one, 133:  
 
The 8-Hydroxy-5,6,7,8-tetrahydroquinoline 162 (2g, 17.51 mmol) and 
tetrabuthylammonium bisulphate (0.71g, 2.1 mmol) were dissolved in 
33 ml of dichloromethane and stirred for 4h with sodium chromate 
(2.27g, 14 mmol) in 40 ml of aqueous sulphuric acid (3M). Then the reaction mixture 
was made alkaline with 10% NaOH, extracted with dichloromethane and dried over 
Na2SO4. Then the residue was purified by flash chromatography (alumina, 
AcOEt:Petroleum ether=5:1).  
 
Yield: 40%. 1H-NMR (CDCl3) δ 8.71 (d, 1H, J=4Hz), 7.66 (d, 1H, J=4.5Hz), 7.39 (m, 
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The synthesis of L2:  
 
A mixture of ferrocenyl amino aldehyde D10 (0.8g, 3.49 mmol), 
6,7-Dihydro-5H-quinolin-8-one 133 (0.32g, 2.8 mmol) and 
saturated ethanolic KOH (2.86 ml) in absolute ethanol (55 ml) 
was introduced into a 100 ml round-bottom flask under Ar and stirred for 12 hours at rt. 
Then the reaction was quenched with distilled water and the solvent was evaporated. 
The resulting slurry was diluted with water and extracted three times with CH2Cl2. The 
combined organic phase was dried over sodium sulfate, and the solvent was evaporated 
under reduced pressure. The residue was purified by flash chromatography on Neutral 
alumina with EtOAc.  
 
Yield: 52%. 1H-NMR (CDCl3) δ 8.78 (d, 1H, J=4.2Hz), 7.94 (s, 1H), 7.57 (d, 1H, 
J=7.5Hz), 7.28 (s, 1H), 5.58 (s, 1H), 4.90 (s, 1H), 4.22 (s, 1H), 3.89 (s, 5H), 2.96 (m, 
4H). 13C-NMR (CDCl3): δ 155.62, 152.37, 149.55, 137.34, 136.32, 134.86, 128.39, 
123.85, 108.90, 81.17, 71.51, 68.71, 64.42, 59.35, 29.91, 28.63. 
 
The synthesis of L3: 
 
A mixture of ferrocenyl amino aldehyde D10 (0.62g, 2.7 
mmol),  2,6-diacetylpyridine 134 (0.35g, 2.16 mmol) and 
saturated ethanolic KOH (2.5 ml) in absolute ethanol (44 
ml) was introduced into a 100 ml round-bottom flask under Ar and stirred for 12 hours 
at rt. Then the reaction was quenched with distilled water and the solvent was 
evaporated. The resulting slurry was diluted with water and extracted three times with 
Fe N
N
Fe N N O
Experimental part________________________________________________________ 
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CH2Cl2. The combined organic phase was dried over sodium sulfate, and the solvent 
was evaporated under reduced pressure. The residue was purified by flash 
chromatography on Neutral alumina with EtOAc.  
 
Yield: 61%. 1 H-NMR (CDCl3): δ 8.74 (d, 1H, J=9Hz), 8.31 (d, 1H, J=9Hz), 8.21 (d, 
1H, J=9Hz), 8.13-8.08 (t, 1H), 8.01-7.90 (m, 1H), 5.46 (s, 1H), 4.99 (s, 1H), 4.29 (s, 
1H), 3.92 (s, 5H), 2.79 (s, 3H). 
 
The synthesis of L4: 
 
A mixture of ferrocenyl amino aldehyde D10 
(0.5g, 2.18 mmol),  2,6-diacetylpyridine 134 
(0.88 g, 0.74 mmol) and saturated ethanolic 
KOH (1.95 ml) in absolute ethanol (37 ml) was 
introduced into a 100 ml round-bottom flask under Ar and stirred for 12 hours at rt. 
Then the reaction was quenched with distilled water and the solvent was evaporated. 
The resulting slurry was diluted with water and extracted three times with CH2Cl2. The 
combined organic phase was dried over sodium sulfate, and the solvent was evaporated 
under reduced pressure. The crude was purified by crystallization from diethyl ether.  
 
Yield: 60%. 1 H-NMR (CDCl3): δ 8.60 (d, 2H, J=6Hz), 8.32-8.22 (m, 4H), 7.97 (t, 1H), 
5.47 (s, 2H), 4.96 (s, 2H), 4.27 (s, 2H), 3.92 (s, 10H). 13C-NMR (CDCl3): δ 159.44, 
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4.3 The synthesis of quinolines 167, 168, 169, 170 and L5a 
 
The synthesis of 2-aminobenzaldehyde, 135:  
 
A mixture of 2-nitrobenzaldehyde 163 (5 g, 33.08 mmol), covered 
with iron powder (13.76 g, 246.42 mmol), 8 drops of concentrated 
HCl and the mixture of AcOH:EtOH:H2O (2:2:1, 252 ml) were 
introduced into a 500 ml round-bottom flask and refluxed for 30 min. After cooling, the 
solution was filtered, diluted with H2O and extracted three times with AcOEt. The 
organic layer was washed with saturated NaHCO3 and H2O, dried over sodium sulfate, 
and the solvent was evaporated under reduced pressure. The residue was purified by 
extraction with 10 % HCl and washed with Et2O. Then the aqueous phase became 
alkaline by adding 2M NaOH and the organic phase was extracted with 
dichloromethane. The combined organic phase was dried over sodium sulfate, and the 
solvent was evaporated under reduced pressure.  
 
Yield: 87 %. 1 H-NMR (CDCl3): δ 9.84 (s, 1H), 7.44 (d, 1H, J=9Hz), 7.31-7.25 (t, 1H), 
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The synthesis of (Z)-1-(quinolin-2-yl)ethanone oxime, 169:  
 
A mixture of 2-aminobenzaldehyde 135 (0.4g, 3.3 mmol), 2,3-
butanedione oxime 165 (0.39g, 3.6 mmol) and tBuOK (1.2 g, 
10.8 mmol) in absolute ethanol (45 ml) was introduced into a 
100 ml round-bottom flask under Ar and refluxed for 4 hours. 
Then the reaction was quenched with distilled water and few drops of 10% HCl and the 
solvent was evaporated. The resulting slurry was diluted with water and extracted three 
times with CH2Cl2. The combined organic phase was dried over sodium sulfate, and the 
solvent was evaporated under reduced pressure. The residue was purified by 
crystallization form n-hexane.  
 
Yield: 39.5 %.1 H-NMR (CDCl3): δ 8.13 (d, 1H, J=9Hz), 8.00-7.94 (m, 2H), 7.75-7.65 
(m, 2H), 7.51-7.46 (t, 1H), 2.55 (s, 3H). 
 
The synthesis of 1-(quinolin-2-yl)ethanone, 167:  
 
A mixture of 2-aminobenzaldehyde 135 (0.5g, 4.13 mmol), 2,3-
butanedione 164 (1.78g, 20.65 mmol) and 5% sulfamic acid 
(0.02 g, 0.21 mmol) in THF (15 ml) was introduced into a 100 
ml round-bottom flask under Ar and refluxed overnight. The 
reaction was monitored by TLC on Neutral alumina (Petroleum ether: EtOAc=8:2). 
Then the reaction was quenched with sat. sodium bicarbonate and the solvent was 
evaporated. The resulting slurry was diluted with water and extracted three times with 
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was evaporated under reduced pressure. The residue was purified by column 
chromatography on Neutral alumina (Petroleum ether: EtOAc=8:2).  
 
Yield: 35.7 %.1 H-NMR (CDCl3): δ 8.25-8.18 (m, 2H), 8.12 (d, 1H, J=6Hz), 7.85 (d, 
1H, J=6Hz), 7.79-7.75 (t, 1H), 7.65-7.61 (t, 1H), 2.87 (s, 3H). 
 
The synthesis of 2,2'-biquinoline, 168:  
 
A mixture of 2-aminobenzaldehyde 135 (0.5g, 4.13 
mmol), 2,3-butanedione 164 (1.78g, 20.65 mmol) and 
tBuOK (2.33 g, 20.3 mmol) in absolute ethanol (15 ml) 
was introduced into a 100 ml round-bottom flask under Ar 
and stirred for 6 hours at rt. The reaction was monitored 
by TLC on Neutral alumina (Petroleum ether: EtOAc=8:2). Then the reaction was 
quenched with water and few drops of 10% HCl and the solvent was evaporated. The 
resulting slurry was diluted with water and extracted three times with CH2Cl2. The 
combined organic phase was dried over sodium sulfate, and the solvent was evaporated 
under reduced pressure.  
 
1 H-NMR (CDCl3): δ 8.83 (d, 2H, J=9Hz), 8.32 (d, 2H, J=9Hz), 8.22 (d, 2H, J=9Hz), 
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The synthesis of ethyl quinoline-2-carboxylate, 170:  
 
A mixture of 2-aminobenzaldehyde 135 (0.2g, 1.65 mmol), ethyl 
pyruvate 166 (0.29g, 2.47 mmol) and 5% sulfamic acid (0.008 g, 
0.08 mmol) was introduced into a schlenk tube under Ar and heated 
at 70 ̊C overnight. The reaction was monitored by TLC on Neutral 
alumina (Petroleum ether: EtOAc=8:2). Then the reaction was quenched with sat. 
sodium bicarbonate,  diluted with water and extracted three times with CH2Cl2. The 
combined organic phase was dried over sodium sulfate, and the solvent was evaporated 
under reduced pressure.  
 
1 H-NMR (CDCl3): δ 8.33-8.29 (m, 2H), 8.19 (d, 1H, J=6Hz), 7.88 (d, 1H, J=9Hz), 
7.81-7.76 (t, 1H), 7.67-7.61 (t, 1H), 4.60-4.53 (m, 2H), 1.52-1.32 (m, 3H). 
 
The synthesis of L5a:  
 
A mixture of ferrocenyl amino aldehyde D10 
(0.21g, 0.9 mmol),  167 (0.15 g, 0.88 mmol) and 
saturated ethanolic KOH (0.8 ml) in absolute 
ethanol (17 ml) was introduced into a 50 ml round-bottom flask under Ar and stirred 
for 3 hours at rt. Then the reaction was quenched with distilled water and the solvent 
was evaporated. The resulting slurry was diluted with water and extracted three times 
with CH2Cl2. The combined organic phase was dried over sodium sulfate, and the 
solvent was evaporated under reduced pressure. The residue was purified by flash 
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Yield: 54%. 1 H-NMR (CDCl3): δ 8.69 (d, 1H, J=9Hz), 8.31-8.27 (m, 3H), 8.19 (d, 1H, 
J=6Hz), 7.87 (d, 1H, J=6Hz), 7.77-7.72 (t, 1H), 7.58 (d, 1H, J=15Hz), 5.49 (s, 1H), 
4.98 (s, 1H), 4.30 (s, 1H), 3.92 (s, 5H). 13C-NMR (CDCl3): δ 159.42, 156.72, 148.01, 
141.53, 136.75, 130.08, 129.75, 128.55, 127.89, 127.06, 119.59, 117.02, 108.71, 80.89, 
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4.4 The synthesis of L7, L8, L9 and L10 
 
The synthesis of D11:  
 
A mixture of ferrocenyl amino aldehyde D10 (0.6g, 
2.62 mmol), 3-acetyl benzonitrile 172 (0.35g, 2.60 
mmol) and saturated ethanolic KOH (2.5 ml) in absolute 
ethanol (45 ml) was introduced into a 100 ml round-bottom flask under Ar and stirred 
for 4 hours at rt. Then the reaction was quenched with distilled water and the solvent 
was evaporated. The resulting slurry was diluted with water and extracted three times 
with CH2Cl2. The combined organic phase was dried over sodium sulfate, and the 
solvent was evaporated under reduced pressure. The residue was purified by flash 
chromatography on silica gel with Petroleum Ether/EtOAc, 3:1.  
 
Yield: 75%.1 H-NMR (CDCl3): δ 8.34-8.22 (m, 3H), 7.72 (d, 1H, J=6Hz), 7.61-7.56 (t, 
1H), 7.27 (d, 1H, J=9Hz), 5.47 (s, 1H), 4.96 (s, 1H), 4.29 (s, 1H), 3.91 (s, 5H). 
 
The synthesis of L7:  
 
Under an atmosphere of argon the starting material D11 (0.2 
g, 0.51 mmol) was dissolved in dry Et2O (12 ml), the solution 
was cooled to -78˚C and DIBALH (2.13 ml, 2.55 mmol) was 
added dropwise. After stirring at this temperature for the further 5h, the absolute MeOH 
(3 ml) was added. After the further 10 min, dry NaBH4 (0.038 g, 1 mmol) was added in 
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allowed to come to room temperature and stirring was continued for additional 20h and 
then the reaction mixture was poured into water. NaOH was added to the aqueous 
phase until approximately pH 11 was reached and then extracted several times with 
EtOAc. The combine organic phases were dried over Na2SO4, filtered and the filtrate 
was concentrated under reduced pressure. The resulted residue was purified by column 
chromatography on Neutral alumina (CH2Cl2: MeOH=10:1).  
 
Yield: 52%. 1 H-NMR (CDCl3): δ 8.19 (d, 1H, J=8.8Hz), 7.99 (s, 1H), 7.89 (d, 1H, 
J=3Hz), 7.48-7.43 (m, 2H), 7.31 (d, 1H, J=12Hz), 5.45 (s, 1H), 4.89 (s, 1H), 4.22 (s, 
1H), 3.98 (s, 2H), 3.89 (s, 5H), 2.06 (s, 2H). 13C-NMR (CDCl3): δ 160.34, 141.98, 
140.90, 129.24, 129.11, 127.19, 126.16, 117.20, 109.30, 79.40, 71.24, 68.76, 63.64, 
59.79, 53.55, 29.94. 
 
The synthesis of 1-(3-(pyridin-2-yl)phenyl)ethanone, 173:  
 
The 3-acetylbenzonitrile 172 (2 g, 13.77 mmol) was dissolved 
in dry, degassed toluene (15 ml) and transferred to autoklaw 
containing the cobalt catalyst. The acetylene was added and 
the mixture was left at 100° C and under 13 atm for 5h. Then the mixture was charged 
again with acetylene and left at this temperature and atmosphere for additional 48h. 
The reaction mixture was allowed to cool to room temperature and then filtered using 
diethyl ether. Then the 10 % HCl was added and the aqueous phase was separated and 
10% NaOH was added till the pH was basic. Then the product 173 was extracted 
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Yield: 78 %.  1 H-NMR (CDCl3): δ 8.72 (d, 1H, J=5.6Hz), 8.58 (s, 1H), 8.22 (d, 1H, 
J=8.5Hz), 8.01 (d, 1H, J=9Hz), 7.79 (d, 2H, J=6.1Hz), 7.61-7.55 (t, 1H), 7.30-7.26 (m, 
1H), 2.69 (s, 3H). 
 
The synthesis of L8:  
 
A mixture of ferrocenyl amino aldehyde D10 (1.7 g, 
7.42 mmol), 1-(3-(pyridin-2-yl)phenyl)ethanone 173  
(0.9 g, 5.93 mmol) and saturated ethanolic KOH (6.8 
ml) in absolute ethanol (136 ml) was introduced into a 250 ml round-bottom flask 
under Ar and stirred for 36 hours at rt. Then the reaction was quenched with distilled 
water and the solvent was evaporated. The resulting slurry was diluted with water and 
extracted three times with CH2Cl2. The combined organic phase was dried over sodium 
sulfate, and the solvent was evaporated under reduced pressure. The crude was purified 
by flash chromatography on Neutral alumina with Et2O.  
 
Yield: 17 %. 1 H-NMR (CDCl3): δ 8.75-8.73 (d, 1H), 8.60 (s, 1H), 8.23 (d, 1H, 
J=8.7Hz), 8.11-8.07 (t, 2H), 7.89-7.77 (m, 2H), 7.63-7.57 (t, 1H), 7.42 (d, 1H, J=9Hz), 
5.47 (s, 1H), 4.91 (s, 1H), 4.24 (s, 1H), 3.91 (s, 5H); 13C-NMR (CDCl3): δ 159.92, 
157.33, 149.84, 142.01, 141.02, 140.03, 136.97, 129.41, 128, 127.76, 125.84, 122.48, 
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The synthesis of 1-(3-(4,4-dimethyl-4,5-dihydrooxazol-2-yl)phenyl)ethanone, 176:  
 
The 3-acetylbenzonitrile 172 (2g, 13.78mmol), 10.13 ml of 
2-dimethylaminopropan-3-ol 175 (105.65mmol) and a 
catalytic amount of zinc chloride were dissolved in 40 ml of 
toluene at room temperature. Then the mixture was refluxed 
for 3 days. The process of reaction was monitored by TLC on silica gel 
(1:3=AcOEt:Petroleum ether). Then the reaction was quenched with distilled water and 
the solvents were evaporated under reduced pressure. The resulting slurry was diluted 
with water and extracted three times with dichloromethane. The combined organic 
phase was dried over sodium sulfate, and the solvent was evaporated under reduced 
pressure. The crude was purified by column chromatography on silica gel (Petroleum 
ether: EtOAc=2:1).  
 
Yield: 44 %. 1 H-NMR (CDCl3): δ 8.33 (s, 1H), 7.98 (d, 1H, J=11.2Hz), 7.91 (d, 1H, 
J=12Hz), 7.38-7.32 (t, 1H), 3.99 (s, 2H), 2.49 (s, 3H), 1.25 (s, 6H). 
 
The synthesis of L9:  
 
A mixture of ferrocenyl amino aldehyde D10 (0.43g, 
1.87 mmol), 1-(3-(4,4-dimethyl-4,5-dihydrooxazol-2-
yl)phenyl)ethanone 176 (0.32g, 1.5 mmol) and 
saturated ethanolic KOH (1.7 ml) in absolute ethanol 
(35 ml) was introduced into a 100 ml round-bottom flask under Ar and stirred for 12 
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evaporated. The resulting slurry was diluted with water and extracted three times with 
CH2Cl2. The combined organic phase was dried over sodium sulfate, and the solvent 
was evaporated under reduced pressure. The residue was purified by flash 
chromatography on Neutral alumina with Et2O.  
 
Yield: 35 %. 1 H-NMR (CDCl3): δ 8.49 (s, 1H), 8.22-8.15 (m, 2H), 8.01 (d, 1H, 
J=8.8Hz), 7.55-7.49 (t, 1H), 7.36 (d, 1H, J=8.7Hz), 5.45 (s, 1H), 4.89 (s, 1H), 4.22 (s, 
1H), 4.15 (s, 2H), 3.88 (s, 5H), 1.41 (s, 6H); 13C-NMR (CDCl3): δ 162.20, 159.49, 
142.11, 140.80, 130,00, 130.29, 129.06, 129.00, 128.73, 127.00, 117.02, 109.25, 79.41, 
71.43, 68.76, 67.95, 63.71, 59.82, 28.71. 
 
The synthesis of L10:  
 
A mixture of ferrocenyl amino aldehyde D10 (0.6g, 2.62 mmol), 1,3-diacetylbenzene 
178 (0.20 g, 1.03 mmol) and saturated ethanolic KOH (2.5 ml) in absolute ethanol (25 
ml) was introduced into a 100 ml round-
bottom flask under Ar and stirred for 36 
hours at rt. Then the reaction was quenched 
with distilled water and the solvent was 
evaporated. The resulting slurry was diluted with water and extracted three times with 
CH2Cl2. The combined organic phase was dried over sodium sulfate, and the solvent 
was evaporated under reduced pressure. The residue was purified by flash 
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 Yield: 20 %. 1 H-NMR (CDCl3): δ 8.57 (s, 1H), 8.24 (d, 2H, J=8.8Hz), 8.13 (d, 2H, 
J=8.6Hz), 7.63-7.58 (t, 1H), 7.43 (d, 2H, J=8.6Hz), 5.48 (s, 2H), 4.92 (s, 2H), 4.24 (s, 
2H), 3.93 (s, 10H). 13C-NMR (CDCl3): δ 160.10, 142.04, 141.01, 129.44, 128.21, 
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4.5 The attempted synthesis of L11 
 
The synthesis of D12:  
 
A mixture of ferrocenyl amino aldehyde D10 (0.8g, 3.62 
mmol), 2-fluoro-acetophenone 179 (0.5 g, 3.62 mmol) and 
saturated ethanolic KOH (2.9 ml) in absolute ethanol (30 
ml) was introduced into a 100 ml round-bottom flask under Ar and stirred for 24 hours 
at rt. Then the reaction was quenched with distilled water and the solvent was 
evaporated. The resulting slurry was diluted with water and extracted three times with 
CH2Cl2. The combined organic phase was dried over sodium sulfate, and the solvent 
was evaporated under reduced pressure. The residue was purified by flash 
chromatography on Neutral alumina with Et2O.  
 
Yield: 22 %. 1 H-NMR (CDCl3): δ 8.18 (d, 1H, J=9Hz), 7.90-7.85 (t, 1H), 7.05-7.15 
(m, 4H), 5.46 (s, 1H), 4.91 (s, 1H), 4.22 (s, 1H), 3.90 (s, 5H). 
 
The synthesis of L11:  
 
To a solution of potassium diphenylphosphide (0.5 M in 
THF, 2.44 ml, 1.22 mmol) at reflux, was added D12 (0.41 
g, 1.22 mmol) in THF (6 ml) via syringe. After 20 minutes, 
3h, 1d and 3d the samples were taken for examination. The reaction mixture was 
partitioned between water (50 ml) and dichloromethane (50ml). The aqueous layer was 
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Na2SO4 and solvent was evaporated. The reaction did not go ahead, starting material 
was recovered. 
 
The synthesis of 1-(3-(diphenylphosphino)phenyl)ethanone, 180:  
 
To a solution of potassium diphenylphosphide (0.5M in THF, 10 
ml, 5 mmol) at reflux, was added 2-fluoroacetophenone 179 
(0.691g, 5 mmol) in THF (10 ml) via syringe. The red color 
associated with the diphenyl phosphide rapidly (within minutes) 
disappeared to afford a pale yellow solution. After 20 minutes, the reaction mixture was 
partitioned between water (50 ml) and dichloromethane (50ml). The aqueous layer was 
extracted with dichloromethane (50ml). The combined organic layers were dried over 
Na2SO4 and solvent evaporated.  
 
Yield: 75%.1 H-NMR (CDCl3): δ 7.97-7.92 (m, 1H), 7.46-7.22 (m, 12H), 7.03-6.98 (m, 
1H), 2.58 (s, 3H); 31P-NMR (CDCl3): δ -1.60 (s). 
 
The synthesis of L11:  
 
A mixture of ferrocenyl amino aldehyde D10 (0.3g, 1.31 
mmol), 1-(3-(diphenylphosphino)phenyl)ethanone 180 
(0.36 g, 1.2 mmol) and saturated ethanolic KOH (1.75 ml) 
in absolute ethanol (20 ml) was introduced into a 100 ml round-bottom flask under Ar 
and stirred for 24 hours at rt. Then the reaction was quenched with distilled water and 
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three times with CH2Cl2. The combined organic phase was dried over sodium sulfate, 
and the solvent was evaporated under reduced pressure. The reaction did not go ahead, 
starting material was recovered. 
 
The synthesis of D13:  
 
A mixture of ferrocenyl amino aldehyde D10 (0.2g, 0.87 
mmol), acetylbenzene 181 (0.104 g, 0.87 mmol)  and 
saturated ethanolic KOH (0.74 ml) in absolute ethanol (10 
ml) was introduced into a 50 ml round-bottom flask under Ar and stirred for 36 hours at 
rt. Then the reaction was quenched with distilled water and the solvent was evaporated. 
The resulting slurry was diluted with water and extracted three times with CH2Cl2. The 
combined organic phase was dried over sodium sulfate, and the solvent was evaporated 
under reduced pressure. The crude was purified by flash chromatography on Neutral 
alumina with Et2O.  
 
Yield: 15%. 1 H-NMR (CDCl3): δ 8.21 (d, 1H, J=9Hz), 7.99 (d, 2H, J=5.8Hz), 7.50-
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The synthesis of L11:  
 
A solution of D13 (0.1 g, 0.32 mmol) in diethyl ether (2 ml) 
was cooled to -78˚C. tBuLi (0.26 ml, 0.448 mmol) was then 
added dropwise under an argon atmosphere. After 3h of 
stirring chlorodiphenylphosphine (0.14 g, 0.64 mmol) was added dropwise. The 
temperature was then allowed to reach rt overnight. Then the reaction was quenched 
with water (5 ml). The aqueous phase was first extracted with diethyl ether and then 
with dichloromethane. After drying (Na2SO4), filtration and evaporation of solvents the 
crude was examined by 1H NMR. The reaction led to an unpractical mixture of 
compounds, where the presence of L11 could not be even evidenced.  
 
The synthesis of methyl 3-(2-(diphenylphosphino)phenyl)-3-oxopropanoate, 183:  
 
Dimethyl carbonate 182 (0.52 g, 5.8 mmol) and sodium 
hydride (60% oil dispersion, 0.14 g, 5.8 mmol) in dry toluene 
(15 ml) under argon were stirred and heated under reflux. A 
solution of 1-(3-(diphenylphosphino)phenyl)ethanone 180 (0.88 g, 2.9 mmol) in dry 
toluene (15 ml) was then added dropwise over 1.5 h. The reaction was heated for a 
further 2h. Upon cooling the reaction mixture was neutralized with 4 M hydrochloric 
acid. After the vigorous stirring the organic layer was separated, the aqueous layer was 
extracted with ether, and the combined organics were dried with Na2SO4, filtered and 
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Yield: 48%. 1 H-NMR (CDCl3): δ 7.93-7.92 (m, 1H), 7.48-7.22 (m, 12H), 7.04-7.01 (m, 
1H), 3.98 (s, 2H), 3.69 (s, 3H); 31P-NMR (CDCl3): δ -1.82 (s). 
 
The synthesis of D14:  
 
A mixture of ferrocenyl amino aldehyde D10 (0.316g, 1.38 
mmol), methyl 3-(2-(diphenylphosphino)phenyl)-3-
oxopropanoate 183 (0.5 g, 0.138 mmol) and saturated 
ethanolic KOH (1.5 ml) in absolute ethanol (25 ml) was 
introduced into a 50 ml round-bottom flask under Ar and stirred for 24 hours at rt. Then 
the reaction was quenched with distilled water and the solvent was evaporated. The 
resulting slurry was diluted with water and extracted three times with CH2Cl2. The 
combined organic phase was dried over sodium sulfate, and the solvent was evaporated 
under reduced pressure. The reaction did not go ahead, starting material was recovered. 
 
The synthesis of L11:  
 
Into the round-bottom flask dried under argon dry THF (5 
ml) was introduced and left stirring for 30 minutes at -
50˚C. Then n-BuLi (1.1 ml, 1.74 mmol) was added 
dropwise. After 15 minutes diisopropylamine (0.177 g, 1.74 mmol) was added yielding 
the yellow colored solution. After 15 minutes 1-(3-
(diphenylphosphino)phenyl)ethanone 180 (0.265 g, 0.87 mmol) was added and left 
stirring at this temperature for 30 minutes. Then into reaction mixture was added 
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was stirred at room temperature for 2h. Then the reaction mixture was cooled to -50˚C 
and metansulphonic acid (0.29 g, 3 mmol) in THF was added dropwise. The reaction 
mixture was allowed to warm to room temperature. Then activated molecular sieves 
were added (3 g) and left stirring for 30 minutes and THF was evaporated. The crude 
was dissolved in dichloromethane, filtered under vacuum and the solvent was 
evaporated. The solid, which remained on filter paper was washed with 
dichloromethane containing K2CO3 and 3 drops of triethylamine and then the solvent 
was evaporated and dried under reduced pressure. The reaction led to an unpractical 
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4.6 The attempted synthesis of L12 and L13 
 
The synthesis of (RFc,2S,4S,RFc)-bis-4-(Methoxymethyl)-2-ferrocenyl-1,3-dioxane, 
D16:  
  
A dry Schlenk tube (250 ml) was charged with the (2S,4S)-
4-(Methoxymethyl)-2-ferrocenyl-1,3-dioxane D7 (4.5 g, 
14.23 mmol) under Ar and dissolved in 60 ml of dry ether 
(5-10 ml of ether per 2 mmol of acetal). The orange 
solution was cooled to -78 ˚C and stirred for 30 min. t-BuLi 
(1.5 equiv. as a 1.7 M solution, 12.5 ml, 21.34 mmol) was 
injected dropwise, yielding after a few minutes a bright 
yellow precipitate. After 30 min stirring, the mixture was allowed to stir at rt for 1h. 
Upon warming, the precipitate dissolved and a bright orange precipitate of lithiated 
acetal gradually formed. The mixture was cooled again to -78˚C and a solid copper 
chloride was added in two portions over 30 min (2.7 g, 19.92 mmol). After the first 
addition 10 ml of dry THF was added. The solution was further allowed to stir 
overnight, slowly reaching the room temperature. The reaction mixture (dark green 
color) was quenched with saturated sodium bicarbonate and solvent was evaporated. 
The water was added again and the solution was extracted three times with 
dichloromethane. The organic phase was dried with sodium sulfate and the solvent was 
evaporated. The resulting crude black-colored oil was purified by column 
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Yield: 33%. 1 H-NMR (CDCl3): δ 1.48 (m, 2H), 1.76 (m, 2H), 3.23 (s, 6H), 3.35 (m, 
2H), 3.43-3,45 (m, 4H), 3.89 (m, 2H), 3.94 (m, 2H), 4.15 (m, 2H), 4.30 (s, 10H), 4.40 
(m, 2H), 4.52 (m, 2H), 5.74 (s, 2H). 
 
The synthesis of (R)-α-Bisferrocenecarboxaldehyde, D17:  
 
To a solution of (RFc,2S,4S,RFc)-bis-4-(Methoxymethyl)-2-
ferrocenyl-1,3-dioxane D16 (0.75 g, 1.2 mmol) in 20 ml of 
CH2Cl2  in becker was added 20 ml of 10 % HCl and left stirring 
vigorously for 3 hours. The reaction mixture was extracted three 
times with dichloromethane. The organic phase was dried with 
sodium sulfate, filtered and the solvent was evaporated. The resulting crude was used 
directly in the next step without further purification.  
 
Yield: 97%. 1H-NMR (CDCl3) δ 9.93 (s, 2H), 4.94 (m, 2H), 4.73 (m, 2H), 4.30 (m, 
10H). 
 
The synthesis of (R)-α-2-Bisferrocenemethanol, D18:  
 
Under an atmosphere of argon the (R)-α-
Bisferrocenecarboxaldehyde D17 (0.35 g, 0.6 mmol) was 
dissolved in dry THF (5 ml), the solution was cooled to -
78˚C and DIBALH (1.1 ml, 1.32 mmol) was added 
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2h, the reaction was left stirring overnight at room temperature. The absolute MeOH (3 
ml) was added and the reaction mixture was poured into water. The solvent was 
evaporated and the residue was extracted several times with CH2Cl2. The combine 
organic phases were dried with Na2SO4, filtered and the filtrate concentrated under 
reduced pressure. The resulted residue was purified by column chromatography on 
silica gel (CH2Cl2: Et20=9:1).  
 
Yield: 56%. 1 H-NMR (CDCl3): δ 4.23 (s, 10H), 4.24 (m, 2H), 4.25 (s, 4H), 4.32 (m, 
2H), 4.48 (m, 2H), [α]D=−764.1(c=0,018, CHCl3). 
 
The synthesis of (2S,4S,SFc)-4-(Methoxymethyl)-2-(α-iodoferrocenyl)-1,3-dioxane, 
D20:  
  
A dry Schlenk tube (250 ml) was charged with the 
(2S,4S)-4-(Methoxymethyl)-2-ferrocenyl-1,3-
dioxane D7 (0.5 g, 1.6 mmol) under Ar and 
dissolved in 9 ml of dry ether (5-10 ml of ether per 
2 mmol of acetal). The orange solution was cooled 
to -78 ˚C and stirred for 30 min. t-BuLi (1.5 equiv. as a 1.7 M solution, 1.4 ml, 2.4 
mmol) was injected dropwise, yielding after a few minutes a bright yellow precipitate. 
After 30 min stirring the mixture was allowed to stir at rt for 1h. Upon warming, the 
precipitate dissolved and a bright orange precipitate of lithiated acetal gradually 
formed. The mixture was cooled again to -78˚C and iodine (0.49 g, 1.92 mmol) in THF 
(8 ml) was added and after 30 min the solution was allowed to stir overnight at room 
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organic phase was washed with 10 % sodium thiosulphate solution. The organic phase 
was dried with sodium sulfate and the solvent was evaporated. The residue was purified 
by column chromatography on silica gel (CH2Cl2/Petroleum ether=3:7).  
 
Yield: 85 %. 1H-NMR (CDCl3) δ 5.40 (s, 1H), 4.42 (d, 2H, J=13.8Hz), 4.33-4.28 (m, 
1H), 4.17 (s, 5H), 4.12-3.95 (m, 1H), 3.51-3.40 (m, 2H), 3.37 (s, 3H), 1.78 (m, 1H), 
1.52 (m, 1H). 
 
The synthesis of (R)-α-2-Bisferrocenylmethyl mesylate, D23:  
 
A dry schlenk tube under Ar was charged with (R)-α-2-
Bisferrocenemethanol D18 (0.3 g, 0.7 mmol) dissolved in 2 
ml of dry dichloromethane. Then the solution was cooled to 0 
̊C and triethylamine (0.25 ml, 1.75 mmol) was added, 
followed by addition of methansulfonyl chloride (0.12 ml, 1.5 mmol) in 2 ml of 
dichloromethane dropwise over 15 min. Upon complete addition, the mixture was 
allowed to stir at 0 ̊C for 30 min., and then at room temperature overnight. The desired 
D23 was not formed. We reasoned that D18 can easily form a stable carbocation 
leading during workup, to the formation of salts impossible to remove from the 
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The synthesis of (R)-α-2-Bisferrocenylmethyl tosylate, D24:  
 
A dry schlenk tube under Ar was charged with (R)-α-2-
Bisferrocenemethanol D18 (0.1 g, 0.23 mmol) dissolved in 0.5 
ml of dry dichloromethane. Then the solution was cooled to 0 
̊C and pyridine (0.5 ml) was added, followed by addition of p-
toluenesulfonyl chloride (0.09 g, 0.47 mmol). Then the 
mixture was allowed to stir at room temperature overnight. The desired D24 was not 
formed. We reasoned that D18 can easily form a stable carbocation leading during 
workup, to the formation of salts impossible to remove from the aqueous phase.  
 
The synthesis of (R)-α-2-Bisferroceneylmethyl acetate, D25:  
 
A dry schlenk tube under Ar was charged with (R)-α-2-
Bisferrocenemethanol D18 (0.2 g, 0.47 mmol) dissolved in 2 
ml of dry dichloromethane. Then the solution was cooled to 0 
̊C and pyridine (0.1 ml, 1.22) was added, followed by 
addition of acetic anhydride (1.1 ml, 1.22 mmol) dropwise. 
Then the mixture was allowed to stir at room temperature over 3 days. Then the 
reaction mixture was diluted with dichloromethane and organic phase was washed two 
times with sodium bicarbonate, dried with sodium sulfate and the solvent was 
evaporated. The product was purified by flash chromatography on silica gel 
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Yield: 68%. 1 H-NMR (CDCl3): δ 4.94 (d, 2H, J=12Hz), 4.81 (d, 2H, J=12Hz), 4.30 (m, 
2H), 4.35 (m, 2H), 4.26 (s, 12H), 1.95 (s, 6H). 
 
The synthesis of L13:  
 
The two-neck flask equipped with refluxing 
funnel was charged with (R)-α-2-Bisferroceneylmethyl 
acetate D25 (0.15 g, 0.32 mmol) dissolved in degassed 
acetic acid (7 ml) under Ar. Then phenylphosphine (1.1 
equiv. as a 10 mol% solution, 0.38 ml, 0.35 mmol) was 
added dropwise and the reaction mixture was heated at 
60 ̊ C overnight. Then the reaction mixture was diluted with dichloromethane and 
water, and organic phase was washed two times with sodium bicarbonate, dried with 
sodium sulfate and the solvent was evaporated. This reaction led to an unpractical 
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4.7 The attempted synthesis of of metal complexes with Fc-pyridine 
ligands 
 
The synthesis of RuCl2(PPh3)3, 187:  
 
The 250 ml round-bottom flask was charged with 125 ml of methanol and fitted with 
the reflux condenser. The dry methanol was degassed with nitrogen bubbler before the 
ruthenium trichloride trihydride 186 (1 g, 3.8 mmol) was added under argon along with 
triphenylphosphine (7 g, 26.5 mmol). The mixture was refluxed for 3 hours and then 
allowed to cool to room temperature. The resulting precipitate was filtered and washed 
twice with diethyl ether (20 ml).  
 
 1 H-NMR (CDCl3): δ 7.70-6.95 (m, 45H); 31P-NMR (CDCl3): δ 42.17 (br, s). 
 
The synthesis of RuCl2(PPh3)(dppb), 188:  
 
RuCl2(PPh3)3 187 (1,004 g, 1,047 mmol) and dppb (0.449 g, 1.053 mmol) were mixed 
together in the Schlenk tube under argon in 50 ml of dichloromethane. A green material 
began to precipitate. The suspension was stirred for additional 0.5 h and then 150 ml of 
dry methanol was added to precipitate the remaining Ru complexes and remove the 
PPh3. The precipitate was filtered, washed with 100 ml of ethanol and 100 ml of 
petroleum ether, the solvents were evaporated and dried.  
 
Yield: 70 %. 31P-NMR (CDCl3): δ 64.25-63.87 (d, J=46.5), 56.07-55.67 (d, J=47.35), 
26.80-24-481 (t, J=281.57). 
Experimental part________________________________________________________ 
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The synthesis of RuCl2(dppb)(L7) and transfer hydrogenation:  
 
The ligand L7 (3.15 mg, 0.008 mmol) and RuCl2(PPh3)(dppb) 188 (3.44 mg, 0.008 
mmol) were suspended in 8 ml of 2-propanol, and 400 µl of tBuOK (0.1 M in 2-
propanol) was added. The acetophenone 189 (2 mmol) was dissolved in 19 ml of 2-
propanol, and the system was refluxed. The yield and the enantiomeric excess were 
determined by gas chromatography. No reaction took place, the complex did not form 
or decomposed.  
 
The synthesis of Rh(L4)Cl3, 192:  
 
A mixture of and RhCl3x3H2O 191 (0.03g, 
0.114mmol) in ethanol (3ml) was heated 
under reflux for 30 minutes and then cooled 
to room temperature before addition of L4 
(0.063g, 0.114mmol). The reaction was monitored on TLC (alumina, AcOEt:Petroleum 
Ether=3:4; alumina, MeOH:AcOEt=2:8). After 4 hours the reaction was completed. 
The crude was filtered off and concentrated under reduced pressure.The filtrate and 
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The synthesis of RuCl2(L4)(CO), 193:  
 
A solution of [RuCl2(p-cymene)]2 194 
(0.036g, 0.059mmol) and L4 (0.065g, 
0.12mmol) in acetone (3ml) at ambient 
temperature was exposed to carbon monoxide 
(1 atm) for 2 h. The reaction was monitored on 
TLC (alumina, AcOEt:Petroleum Ether=3:4). The crude was filtered off and 
concentrated under reduced pressure. The filtrate and solid were examined on 1H-
NMR. 1H NMR analysis showed the complete consumption of L4, but no formation of 
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4.8 Allylic alkylation 
 
The synthesis of 1,3-Diphenylprop-2-enol, 199:  
 
Sodium borohydride (1.2g, 31.7 mmol) was added in small 
portions to a stirred solution of 1,3-diphenylprop-2-en-3-one 
198 (6g, 28.81 mmol) in dry methanol (350 ml). After 1 hour 
the solvent was evaporated and the residue was taken up in ethyl acetate. The organic 
solution was washed with water (3 x 50 ml), dried and the solvent was evaporated to 
afford the product as a white solid (5g).  
 
Yield: 82%. 1 H-NMR (CDCl3): δ 8.74 (d, 1H, J=6Hz), 8.6 (s, 1H), 8.23 (d, 1H, 
J=12Hz), 8.11-8.07 (t, 2H), 7.89-7.77 (m, 2H), 7.63-7.57 (t, 1H), 7.41 (d, 1H, 
J=11.8Hz), 5.47 (s, 1H), 4.91 (s, 1H), 4.24 (s, 1H), 3.91 (s, 5H). 
 
The synthesis of methyl-1,3-Diphenyl-2-propenyl carbonate, 197:  
 
To a solution of 1,3-diphenylpropen-2-enol 199 (5g, 23.8 
mmol)  and 7.5 ml (91.8 mmol) of pyridine and a catalytic 
amount of 4-(dimethylamino)pyridine in 24 ml of dry 
THF was added methyl chloroformate (6.2 ml, 80 mmol) at 0 ̊C under argon. The 
solution was stirred at room temperature for 8h, then quenched with water and 
extracted three times with diethyl ether. The ether extracts were washed three times 
with 10% hydrochloric acid, once with saturated sodium bicarbonate solution, and once 
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the solvent was evaporated under reduced pressure. The residue was purified by flash 
chromatography on silica gel (hexane/ethyl acetate=3/1).  
 
Yield: 75 %. 1 H-NMR (CDCl3): δ 7.45-7.23 (m, 10H), 6.68 (d, 1H, J=15.6), 6.40-6.32 
(m, 1H), 6.26 (d, 1H, J=7.2Hz), 3.78 (s, 3H). 
 
General procedure for allylic alkylation:  
 
A mixture of ligand (0.02 mmol) and [PdCl(η3-C3H5)]2 (1.83 mg, 0.005 mmol) in dry 
THF (1 ml) was stirred at room temperature for 30 min. The resulting solution was 
treated with a mixture of rac-1,3-diphenyl-2-propenyl acetate 195 (0.2 mmol, 50.5 mg) 
in THF (1 ml), followed by dimethylmalonate (0.6 mmol, 79 mg), BSA (0.6 mmol, 122 
mg), and a catalytic amount of potassium acetate (or other salt). The mixture was 
stirred at the given temperature, while observing the conversion using thin layer 
chromatography (silica, Et2O:Petroleum Ether=1:3). After the reaction was completed, 
the mixture was diluted with dichloromethane, washed with saturated aqueous 
ammonium chloride solution. The organic phase was dried over anhydrous Na2SO4, 
filtered and solvent was concentrated under reduced pressure. The conversion was 
calculated at this stage. The crude product was purified by column chromatography on 
silica gel (Et2O:Petroleum Ether=1:3) to give dimethyl-[(S)-diphenylprop-2-
enyl]malonate 196 prior to ee analysis. The conversion was determined by 1H-NMR 
and the enantiomeric excess was determined by 1H-NMR from the integrals of the 
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